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TITLE OF THE INVENTION 

SODIUM CHANNEL BLOCKERS 

CONTINUING APPLICATION INFORMATION 
This application is a continuation-in-part of U.S. application serial No. 10/076,571, 
filed on February 19, 2002, and incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to sodium channel blockers. The present invention also 
includes a variety of methods of treatment using these inventive sodium channel blockers. 

Description of the Background 

The mucosal surfaces at the interface between the environment and the body have 
evolved a number of "innate defense*', i.e., protective mechanisms. A principal form of such 
innate defense is to cleanse these surfaces with liquid. Typically, the quantity of the liquid 
layer on a mucosal surface reflects the balance between epithelial liquid secretion, often 
reflecting anion (CV and/or HCO3") secretion coupled with water (and a cation counter-ion), 
and epithelial Hquid absorption, often reflecting Na"*" absorption, coupled with water and 
counter anion (CI' and/or HCO3'). Many diseases of mucosal surfaces are caused by too little 
protective liquid on those mucosal surfaces created by an imbalance between secretion (too 
little) and absorption (relatively too much). The defective salt transport processes that 
characterize these mucosal dysfunctions reside in the epithelial layer of the mucosal surface. 

One approach to replenish the protective liquid layer on mucosal surfaces is to *^e- 
balance'' the system by blocking T<Ia^ channel and liquid absorption. The epithelial protein 
that mediates the rate-limiting step of Na* and liquid absorption is the epithelial Na"^ channel 
(ENaC). ENaC is positioned on'^the apical surface of the epithelium, 1.^. the muqosal surface- 
environmental interface: Therefore, to inhibit ENaC mediated Na* and liquid absorption, an 
ENaC blocker of the amiloride class (which blocks from the extracellular domain of ENaC) 
must be delivered to the mucosal surface and, importantly, be maintained at this site, to 
achieve therapeutic utility. The present invention describes diseases characterized by too 
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little liquid on mucosal surfaces arid **topical" sodium charmel blooker^ designed to exhibit 
the increased potency, reduced mucosal abosrptibn, and slow dissociation ('Smbinding** or 
detachment) from ENaC require^ for therapy of these diseases. 

Chronic bronchitis (CB), including the most' common lethal genetic form of chronic 
bronchitis, cystic fibrosis (CF), are diseases that reflect the body's failure to clear mucus 
normally from the lungs, which ultimately produces chronic airways infection. In the normal 
lung, the primary defense against chronic intrapulmonary airways infection (chronic 
bronchitis) is mediated by the continuous clearance of mucus from bronchial airway surfaces. 
This ftinction in health effectively removes from the lung potentially noxious toxins and 
pathogens. Recent data indicate that the initiating problem, i.e., the "basic defect," in both 
CB and CF is the failure to clear mucus from airway surfaces. The failure to clear mucus 
reflects an imbalance between the amount of liquid and mucin on airway surfaces. This 
"airway surface liquid" (ASL) is primarily composed of salt and water in proportions similar 
to plasma (i.e., isotonic). Mucin macromolecules organize into a well defined "mucus layer" 
which normally traps inhaled bacteria and is transported out of the lung via the actions of cilia 
which beat in a watery, low viscosity solution termed the "periciliary hquid" (PCL). In the 
disease state, there is an imbalance in the quantities of mucus as ASL on airway surfaces. 
This results in a relative reduction in ASL which leads to mucus concentration, reduction in 
the lubricant activity of the PCL, and a failure to clear mucus via ciliary activity to the mouth. 
The reduction in mechanical clearance of mucus from the lung leads to chronic bacterial 
colonization of mucus adherent to airway surfaces. It is the chronic retention of bacteria, the 
failure of local antimicrobial substances to kill mucus-entrapped bacteria on a chronic basis, 
and the consequent chronic inflammatory responses of the body to this type of surface 
infection, that lead to the syndromes of CB and CF. 

The current afflicted population in the U.S. is 12,000,000 patients with the acquired 
(primarily from cigarette smoke exposure) form of chronic bronchitis arid approximately 
30,000 patients with the genetic fonp, cystic fibrosis. Approximately equal numbers of both 
* populations are present in Europe. In Asia, there is little CF but the incidence of CB is high 
and, like the re^t of the world, is increasing. 

There J5.-CXirrently a large, unmet medical need for products that specifically treat CB . 
and CF .at the level of the basic defect that cause these diseases. The current therapies for 
chronic bronchitis and cystic fibrosis focus on treating the symptoms and/or the late effects of 
these diseases. Thus, for chronic bronchitis, jS-agonists, inhaled steroids, anti-cholinergic 
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agents, and oral thepphyllines an<l phosphodiesterase inhibitors are all in development. 
However, none of these drugs treat effectively the fundaxpental problem of the failure to clear 
mucus firom the lung. Similarly, in cystic fibrosis, the same spectrum of pharmacologic 
agents is used. These strategies have been complemented by more recent strategies designed 
5 to clear the CF lung of the DNA ("Pulmozyme"; Genentech) that has been deposited in the 
lung by neutrophils that have futilely attempted to kill ttie bacteria that grow in adherent 
mucus masses and through the use of inhaled antibiotics ('TOBF') designed to augment the 
lungs* own killing mechanisms to rid the adherent mucus plaques of bacteria. A general 
principle of the body is that if the initiating lesion is not treated, in this case mucus 

1 0 retention/obstruction, bacterial infections became chronic and increasingly refractory to 
antimicrobial therapy. Thus, a major unmet therapeutic need for both CB and CF lung 
diseases is an effective means of re-hydrating airway mucus (i.e., restoring/expanding the 
volume of the ASL) and promoting its clearance, with bacteria, from the lung. 

R.C. Boucher, in U.S. 6,264,97S, describes the use of pyrazinoylguanidine sodium 

1 5 chaimel blockers for hydrating mucosal surfaces. These compounds, typified by the well- 
known diuretics amiloride, benzamil, and phenamil, are effective. However, these 
compounds suffer from the significant disadvantage that they are (1) relatively impotent, 
which is important because the mass of drug that can be inhaled by the lung is limited; (2) 
rapidly absorbed, which limits the half-life of the drug on the mucosal surface; and (3) are 

20 freely dissociable from ENaC. The sum of these disadvantages embodied in these well 

known diurectics produces compounds with insufficient potency and/or effective half*life on 
mucosal surfaces to have therapeutic benefit for hydrating mucosal surfaces. 

Clearly, what is needed are dmgs that are more effective at restoring the clearance of 
mucus from the lungs of patients with CB/CF. The value of these new therapies will be 

25 reflected in improvements in the quality and duration of life for both the CF and the CB ^ 
populations. 

Other mucosal surfaces in and. on the body exhibit subtle differencejs in the nonnai 
physiology of the protective surface Uquids on their surfaces but the pathophysiology of 
disease reflects a common theme, i.e., too little protective surface liquid. For example, in 
30 xerostomia (dry mouth) the oral cavity is depleted of liquid due to a failure of the parotid 
sublingual and submandibular glands to secrete liquid despite continued Na"^ (ENaC) 
transport mediated liquid absorption from the oral cavity. Similarly, keratoconjunctivitis sira 
(dry eye) is caused by failure of lacrimal glands to secrete liquid in the face of continued Na"*" 
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dependoit liquid absorption on conjunctional surfaces. In rhinosinusitis, there is an 
imbalance, as in CB, between mucin secretion and relative ASL depletion. Finally, in the 
^strr.i*ntcstinal tract, failure to secrete CI - (and liquid) in the proximal small intestine, 
combined with increased Na* (and liquid) absorption in the terminal ileum leads to the distal 
intciwmal obstruction syndrome (DIOS). In older patients excessive Na* (and volume) 
nh*' ^ion in the descending colon produces constipation and diverticulitis. 

iJfty million Americans and hundreds of millions of others around the world suffer 
fhH.. tHgh blood pressure and the subsequent sequale leading to congestive heart failure and 
mortality. It is the Westem World*s leading killer and there is a need there for 
4icines to treat these diseases. Thus, in addition, some of the novel sodium channel 
' i of this invention can be designed to target the kidney and as such they may be used 
# J^ ^ytrtics for the treatment of hypertension, congestive heart failure (CHF) and other 
car df avascular diseases. These new agents may be used alone or in combination with beta- 
blockers, ACE inhibitors, HMGCoA reductase inhibitors, calcium channel blockers and other 
cardiovascular agents. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide compounds that are more potent 
and/or absorbed less rapidly from mucosal surfaces, and/or are less reversible as compared to 
known compounds. 

It is another aspect of the present invention to provide compounds that are more 
potent and/or absorbed less rapidly and/or exhibit less reversibility, as compared to 
conipounds such as amilorde, benzamil, and phenamil. Therefore, the compounds will give a 
prolonged pharmacodynamic half-life on mucosal surfaces as compared to known 
conipounds. 

It is another object of the present invention f o provide compounds which are ( 1 ) - 
absorbed less rapidly from mucosal surfaces, especially airway surfaces, as compared to 
known compoiinds and; (2) when absorbed from musosal surfaces afrer administration to the 
mucosal surfaces, are converted in vivo into metabolic derivitives thereof which have reduced 
efficacy in blacking sodium channels as compared to the administered parent compound. 
It is another object of the present invention to provide compounds that are niore potent and/or 
absorbed less rapidly and/or exhibit less reversibility, as compared to compounds such as 
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amiloride, benzamil» and phenamil. Therefore, such compounds will give a prolonged 
pharmacodynaniic half-life on mucosal surfaces as compared to previous compounds. 

It is another object of the present invention to provide compounds that target the 
kidney for use in the treatment of cardiovascular diseasiB. 

It is another object of the present invention to provide methods of treatment that take 
advantage of the pharmacological properties of the compounds described above. 

In particular, it is an object of the present invention to provide methods of treatment 
which rely on rehydration of mucosal surfaces. 

In particular, it is an object of the present invention to provide methods of treating 
cardiovascular disease. 

The objects of the present invention may be accomplished with a class of 
pyrazinoylguanidine compounds represented by formula (I): 




where 

X is hydrogen, halogen, trifluoromethyl, lower alkyl, unsubstituted or substituted 
phenyl, lower alkyl-thio, phenyl-lower alkyl-thio, lower alkyl-sulfonyl, or phenyMower alkyl 
sulfonyl; 

Y is hydrogen, hydroxyl, mercapto, lower alkoxy, lower alkyl-thio, halogen, lower 
alkyl, unsubstituted or substituted mononuclear axyl, or -N(R^)2; 
R' is hydrogen or lower alkyl; 

each r2 is, independently, -R^ .(CH2)m-OR^ -(CH2)m-NR^R*^, 
-(CH2)n(CH9R«)(CHORVeH20R^ .(CH2CH20VR^ 

-(GH2CH20)„-CH2CH2NR^R'^ -(CH2)n-C(=0)NR^R^^ .(CH2)n-Zg-R^-(CH2)m-NR^®- 
CH2(CHGR^)(CHOR^)n-CH20R^ -(CH2)„-C02R^ or 



(CH2)„ 
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and R'' are each, independently, hydrogen, a group represented by formula (A), 
lower alkyl, hydroxy lower ^kyl, phenyl, phenyl-lower alkyl, Oialophenyl)-lower alkyl, 
lower-(alkylphenylalkyl), lower (alkoxyphenyl)-lowCT alkyl, njqihthyl-lower alkyl, or pyridyl- 
lower alkyl, with the proviso that at least one of R' and R* is a group represented by formula 

(A): 



•(C(R^)2)o-^-(C(R^)2)p— ^ (A) 



Q-Q^(R^)4 



where 

each R^ is, independently, -R^ -(CH2)n-OR^ -0-(CH2)n1-OR^ 
-(CH2)„-NR^R'°, -0-(CH2)m-NR'R'°. -(CH2)„(CHOR*)(CHOR^)„-CH20R^ 
-0-(CH2UCHOR*)(CHOR%-CH20R^ -(CH2CH20)m-R*, 
-O-(CH2CH20)m-R^-(CH2CH20V-CH2CH2NR'R'^ 
-CMCH2CH20)m-CH2CH2NR'R'°,-(CH2)„-C(=0)NR'R'°, 
-O-(CH2)m-C(=0)NR'R'^ -(CH2)„-(Z)g-R^ -0-(CH2)m-(Z)g-R^ 
-(CH2)„-NR"'-CH2(CH0R*)(CH0RVCH20R', 
-0-(CH2)m-NR'®-CH2(CHOR'')(CHOR')„-CH20R^ 
-(CH2)„-C02R\ -0-(CH2)m-C02R', -OSO3H, -O-glucuronide, -O-glucose, 




each o is, independently, an Integer from 0 to 10; 
each p is an integer from 0 to 10; 

with the proviso that the siun of o. and p in each contigupiis Qhaih is frx>m 1. to 

10; 

each X is, independently, O, NR'®, C(=0), CHOH, C(=N-R'°), 
CHNR^R'^, or represents a single bond; 
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eaph is, ipdependeiitly, -(CH^VOR*, -0-(CH2)^,-0R^ 
-<CH2)„-NR'R'°. -b-(CH2WNR'R^. .(CH2)„(CHpR«)(CHOR»)„:CH2'bR*. 
-0-(CH2)„,(CH0R')(CH0R'')„-CH20R',-(CH2CH20)„-R', 
-0-(CH2CH20)„,-R*,-(CH2CH20)„-CH2CH2NR^R'°, 
-0-(CH2CH20)m-CH2CH2NR'R'°. -(CH2)„-C(=0)NR^R'°, 
-0-(CH2)m-C(=0)NR'R'^ -(CH2)n-(Z)g-R', -0-(CH2)m-(Z)e-R'', 
-(CH2)n-NR'°-CH2(CHOR*)(CHOR*)„-CH20R^ 
-0-(CH2)m-NR'°-CH2(CHOR'')(CHOR*)„-CH20R', 
-(CH2)„-C02R', -0-(CH2)m-C02R', -OSO3H, -O-glucuronide, -O-glucose, 




each R* is, independently, -R^ -OR". -N(R^)2, -(CH2)m-OR^ 
-0-(CH2)„,-0R», -(CH2)„-NR'R'°. -0-(CH2)m-NR'R'°. 

-(CH2)„(CHOR*)(CHOR*)„-CH20R*,-0-(CH2UCHOR*)(CHOR\-CH20R', 
-(CH2CH20)m-R^ -0-(CH2CH20)m-R^ -(CH2CH20)ni-CH2CH2NR'R'°, 
-0-(CH2CH20)m-CH2CH2NR'R^°,-(CH2)n-C(=0)NR'R'®, 

-0-(CH2)n,-C(=0)NR'R'°, -(CH2)n-(Z)g-R'. -0-(CH2)m-(Z)g-R', . 

-(CH2)„-NR'°-CH2(CH0R*)(C.H0R*)„-CH20R*. 
-0-(CH2)m-NR'°-CH2(CHOR*)(CHOR\-CH26R',. 

-(CH2)„-C02R', 79-(CH2)m-COaR', -OSO3H, -Q-glucuroijide, -O-glucdse, ' 
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where when two R are -or" and are located adjacent to each other on a phenyl ring, 
the alkyl moieties of the two may be bonded together to form a methylenedioxy group; 
each R^ is, independently, hydrogen or lower alkyl; 

each R^ is, independently, hydrogen, lower alkyl, •C(=0)-R", glucuronide, 2- 
tetrahydropyranyl, or 




each R^ is, independently, -C02R^ -C0N(R^)2, -SO2CH3, or -C(=0)R^ 

each R^° is, independently, -H, -SO2CH3. -C02R^ -C(=0)NRV, 
-C(=0)R\ or .CH2-(CHOH)„-CH20H; 

each Z is, independently, CHOH, C(=0), CHNR^R^^, C=NR^^ or NR^^; 

each R" is, independently, lower alkyl; 

each g is, independently, an integer from 1 to 6; 

each m is, independently, an integer from 1 to 7; 

each n is, independently, an integer from 0 to 7; 

each Q is, independently, C-R^, C-R^, or a nitrogen atom, wherein at 

most three Q in a ring are nitrdgefn atoms; . 
or a pharmaceutically acceptable salt thereof, and 
inclusive of ail ehahtioniers, diastereomers, aiid raceniic mixtures 
The present also provides phanhaceiitical compositions which contain a compoimd 
described above. 

The present invention also provides a method of promoting hydration of mucosal 
surfaces, comprising: 
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. < * ... 

administering an effective amount of a compound represented by formula (I) to a 
mucosal surfacfe of a subject. . ' 

The present invention also provides a method of restoring mucosal defense^ 
comprising: 

S topically administering an effective amount of compound represented by formula (I) 

to a mucosal surface of a subject in need thereof. 

The present invention also provides a method of blocking ENaC, comprising: 
contacting sodium channels with an effective amoimt of a compound represented by 

fonnula (T). 

10 The present invention also provides a method of promoting mucus clearance in 

mucosal surfaces, comprising: 

administering an effective amount of a compound represented by fonnula (I) to a 
mucosal surface of a subject. 

The present invention also provides a method of treating chronic bronchitis, 
IS comprising: 

administering an effective amount of a compound represented by formula (I) to a 
subject in need thereof. 

The present invention also provides a method of treating cystic jBbrosis, comprising: 
administering an effective amount of compound represented by formula (I) to a subect 

20 in need thereof. 

The present invention also provides a method of treating rhinosinusitis, comprising: 
administering an effective amoimt of a compound represented by a formula (I) to a 
subject in need thereof. 

The present invention also provides a method of treating nasal dehydration, 

25 comprising: 

administering an effective amount of a compound represented by fomiula (I) to the 
nasal passages of a subject in need thereof. 

In a specific embodiment, the nasal dehydration is brought on by administering dry 
oxygen to the subject. 

30 The present invention also provides a method of treating sinusitis, comprising: 

administering an effective amount of a compound represented by formula (I) to a 
subject in need thereof. 

The present invention also provides a method of treating pneumonia, comprising: 
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administering an effective amount of a compound represented by formula (I) to a 
subject in need thereof 

The present invention also provides a method of preventing ventilator-induced 
pnat^monia, comprising: 

administering an effective compoimd represented by formula (I) to a subject by means 

>filator. 

^he present invention also provides a method of treating asthma, comprising: 
administering an effective amoimt of a compound represented by formula (I) to a 
i- itx need thereof. 

The present invention also provides a method of treating primary ciliary dyskinesia, 

administering an effective amount of a compoimd represented by formula (I) to a 
subject in need thereof 

The present invention also provides a method of treating otitis media, comprising: 

administering an effective amount of a compound represented by formula (I) to a 
subject in need thereof 

The present invention also provides a method of inducing sputum for diagnostic 
purposes, comprising: 

administering an effective amoimt of compound represented by formula (I) to a 
subject in need thereof. 

The present invention also provides a method of treating chronic obstructive 
pulmonary disease, comprising: 

administering an effective amount of a compound represented by formula (I) to a 
subject in need thereof 

The present invention also provides a method of treating emphysema, comprising: 

administering an effective amount of a compound represented by formula ^ to a 
subject in need thereof 

The present invention also provides a method of treating dry eye, comprising: 

administering an effective amount of a compound represented by fomiula (I) to the 
eye of the subject in need thereof 

The present invention also provides a method of promoting ocular hydration, 
comprising: 
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administering an effective amoiint of a compound represented by formula (I) to the 
eye pf the subject. 

The present invention also provides a method of promoting corneal hydration, 
comprising: 

administering an effective amoimt of a compound represented by formula (I) to the 
eye of the subject. 

The present invention also provides a method of treating Sjogren's disease, 
comprising: 

administering an effective amount of compound represented by formula (I) to a 

subject in need thereof. 

The present invention also provides a method of treating vaginal dryness, comprising: 
administering an effective amount of a compound represented by formula (I) to the 

vaginal tract of a subject in need thereof. 

The present invention also provides a method of treating dry skin, comprising: 
administering an effective amoimt of a compound represented by formula (I) to the 

skin of a subject in need thereof. 

The present invention also provides a method of treating dry mouth (xerostomia), 

comprising: 

administering an effective amount of compound represented by fomiula (I) to the 
mouth of the subject in need thereof 

The present invention also provides a method of treating distal intestinal obstruction 
syndrome, comprising: 

administering an effective amount of compound represented by formula (I) to a 
subject in need thereof. 

The present invention also provides a method of treating esophagitis, comprising: 

administering an effective amount of a compound represented by formula (I) to a 
subject in need thereof. 

The present invention also provides a method of treating constipation, comprising: 

administering an effective amount of a compound represented by formula (I) to a 
subject in need thereof. In one embodiment of this method, the cbmpoimd is administered 
either orally or via a suppository or enema. 

The present invention also provides a method of treating chronic diverticulitis 
comprising: 
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administerihg an effective amount of a compoundl repres^teid by formula (I) to a 
subject in need thereof. 

The present invention also provides a n\etho(d of treating hypertension, comprising 
administering the compound represented by formula (J) to a subject in need thereof 
5 The present invention also provides a method of reducing blood pressure, comprising 

administering the compound represented by formula (I) to a subject in need thereof 

The present invention also provides a method of treating edema, comprising 
administering the compound represented by formula (I) to a subject in need thereof 

The present invention also provides a method of promoting diuresis, comprising 
10 administering the compound represented by formula (I) to a subject in need thereof 

The present invention also provides a method of promoting natriuresis, comprising 
administering the compound represented by formula (I) to a subject in need thereof 

The present invention also provides a method of promoting saluresis, comprising 
administering the compoimd represented by formula (I) to a subject in need thereof 

15 

BRIEF DESCRIPTION OF THE FIGURES 
A more complete appreciation of the invention and many of the attendant advantages 
thereof will be readily obtained as the same becomes better imderstood by reference to the 
following detailed description considered in conjimction with the following figures: 
20 Figure 1 : Effect of a compound of the present invention on MCC at t = 0 hrs as 

described in Example 32 herein. 

Figure 2: Effect of a compound of the present invention on MCC at t = 4 hrs as 
described in Example 32 herein. 

Figure 3: Effect of a compoimd of the present invention on MCC at t = 0 hrs as 
25 described in Example 32 herein. 

Figure 4: Effect of a compound of the.present invention on MCC at t = 4 hrs as 
described in Example 32 herein. 

Figure 5: Effect of a compound of the present invention on MCC at t = 0 hrs as 
described in Example 32. herein. 
30 Figure 6: Effect of a compound of the present invention on MCC at t = 4 hrs as 

described in Example 32 herein. 

iFigure 7: Effect of a compound of the present invention on MCC at t = 0 hrs as 
described in Example 32 herein. 
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Figure 8: Effect of a compduiid of ttie present invention on MCC at t =4 hrs is 
' described in Example 32 herein. 

r 

DETAILED DESCRIPTION OF THE INVENTION 
5 The present invention is based on the discovery that the compounds of formula (I) are 

more potent and/or, absorbed less rapidly from mucosal surfaces, especially airway surfaces, 
and/or less reversible from interactions with ENaC as compared to compounds such as 
amiloride, benzamil, and phenamil. Therefore, the compounds of formula (I) have a longer 
half-life on mucosal surfaces as compared to these compounds. 
10 The present invention is also based on the discovery that certain compounds embraced by 

formula (I) are converted in vivo into metabolic derivatives thereof that have reduced efficacy 
in blocking sodium channels as compared to the parent administered compound, after they are 
absorbed from mucosal surfaces after administration. This important property means that the 
compounds will have a lower tendency to cause undesired side-effects by blocking sodium 
IS channels located at untargeted locations in the body of the recipient, e.g., in the kidneys. 

The present invention is also based on the discovery that certain compounds embraced 
by formula (1) target the kidney and thus may be used as cardiovascular agents. 

In the compounds represented by fomiula (I), X may be hydrogen, halogen, 
trifluoromethyl, lower alkyl, lower cycloalkyl, unsubstituted or substituted phenyl, lower 
20 alkyl-thio, phenyl-lower aUcyl-thio, lower alkyl-sulfonyl, or phenyl-lower alkyl-sulfonyl. 
Halogen is preferred. 

Examples of halogen include fluorine, chlorine, bromine, and iodine. Chlorine and 
bromine are the preferred halogens. Chlorine is particularly preferred. This description is 
applicable to the term "halogen" as used throughout the present disclosure. 
25 As used herein, the tenn "lower alkyl". means an alkyl group having less than 8 carbon 

atoms. This range includes all specifip values of carbon atoms and subranges there between, 
such as 1 ,2, 3, 4, 5, 6, and 7 carbon atoms. The term "alkyl" embraces all types of such 
groups, e.g., linear, branched, and cyclic alkyl groups. This description is applicable to the 
term "lower alkyl" as used throughout the present disclosure. Exaifiples of suitable lower 
30 alkyl ^oups include methyl, ethyl, propyl, cyclopropyl, butyl, isobutyl, etc. - 

Substituents for the phenyl group include halogens. Particularly preferred halogen 
substituents are chlorine and bromine. 
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Y may be hydrogen, hydroxyl, mercapto, lower alkoxy, lower alkyl-thio, jjalogen, 
lower aikyl, lower cycloalkyl, mononuclear aryl, or -N(R^)2. The alkyl moiety of the lower 
alkoxy groups is the same as described above. Examples of mononuclear aryl include phenyl 
groups. The phenyl group may be unsubstituted or substituted as described above, the 
5 preferred identity of Y is -N(R^)2. Particularly preferred are such compounds where each 
is hydrogen. 

may be hydrogen or lower alkyl. Hydrogen is preferred for R^ 
Each R^ may be, independently, -R^ -(CH2)m-OR^ -(CHjVNR'^R^^, 
-(CH2)n(CHOR^)(CHOR^)n-CH20R^ -(CH2CH20WR^ -(CH2CH20WCH2CH2NR^R^^ - 
10 (CH2)n-C(=0)NR^R'^ .(CH2VZg-R\-(CH2)m-NR^^-CH2(CHOR')(CHORVC^^ - 
(CH2)„-C02R', or 



(CH2)„ 




15 Hydrogen and lower alkyl, particularly d-Ca alkyl are preferred for R^. Hydrogen is 

particularly preferred. 

R^ and R^ may be, independently, hydrogen, a group represented by formula (A), 
lower alkyl, hydroxy lower alkyl, phenyl, phenyl-lower alkyl, (halophenyl)-lower alkyl, 
lower-(alkylphenylalkyl), lower (alkoxyphenyl)-lower alkyl, naphthyl-lower alkyl, or pyridyl- 
20 lower alkyl, provided that at least one of R^ and R"* is a group represented by formula (A). 

Preferred compounds are those where one of R^ and R^ is hydrogen and the other is 
represented by formula (A). 

In formula (A), the, moiety r(G(R'')2)o-x-(C(R^)2)p- define^ an alkylene group bonded 
to the aromatic ring. The variables o and p may each be an integer from 0 to 10, subject to 
25 the proviso that the sum of o and p in. the chain is firom 1 to 10. Thus, 6 aiid p may each be 0, 
1, 2, 3, 4, 5, 6, 7, 8, 9, or 10. Preferably, the sum of o atnd p is from 2 to 6. In a.particularly 
' preferred embodim^ent, the suni of o and p is 4. 

The linking group in the alkylene chain, x, may be, independently, O, NR^^, C(=b), 
CHOH, C(=N-R'^, CHNR^R^^ or represents a single bond; 
30 Therefore, when x represents a single bond, the alkylene chain bonded to the ring is 

represented by the formula -(C(R^)2)cHt>-, in which the sum o+p is from 1 to 10. 
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Each may be, independently, -R^ .(CH2)n-bR^ •0-(CH2)m•0R^ -(CH2)n-NR^R*°, 
.0-(CH2)m-NRV^ -(CH2)n(CHOR*)(CHOR^)n-CH2 -0-(CH2)m(CH0R^)(CH0RV , 
CH20R^ -(CH2CH20WR^ -0-(CH2CH20VR^ -(CH2CH20WCH2CH2NR'R^^ -O- 
(CH2CH20)m-CH2CH2NR'R^', -(CH2)n-C(=0)NR'R^^ -0-(CH2)m-C(=0)NR^R'^ -(CH2)n- 
(Z)g-R^ -0-(CH2)m-(Z)g-R^ .(CH2)„-NR'^-CH2(CHOR^)(CHORVCH20R^ -O-CCHa)™- 
NR^^.CH2(CHOR**)(CHOR^)„-CH20R^ -(CH2)„-C02R\ -0-(CH2VC02R^ -OSO3H, -O- 
glucuronide, -O-glucose, 




The preferred R^ groups include -H, -OH, -N(R^)2, especially where each R^ is 
hydrogen. 

In the alkylene chain in formula (A), it is preferred that when one R*^ group bonded to 
a carbon atoms is other than hydrogen, then the other R^ bonded to that carbon atom is 
hydrogen, i.e., the formula -CHR^-. It is also preferred that at most two R^ groups in an 
alkylene chain are other than hydrogen, where in the other R^ groups in the chain are 
hydrogens. Even more preferably, only one R^ group in an alkylene chain is other than 
hydrogen, where in the other R^ groups in the chain are hydrogens. In these embodiments, it 
is preferable that x represents a single bond. 

In another particular embodiment of the invention, all of the R'^ groups in the alkylene 
chain are hydrogen, hi these embodiments, the alkylene chain is represented by the formula 

.(CH2)o-X-(CH2)p-. 

Each R^ may be, independently, -(CH2VOR^ -0-(CH2V0R^ -(CH2)n-m^R'^ ^ 
.0-(CH2)m-NR^R'^ :(CH2UCHOR^)(CHOR^ . 
CH20R^ .(CH2CH20WR^ ■-0.(CH2CH20WR^ -(CH2CH20)„,-CH2CH2NR^R'^ 
-O-CCHzCHzOVCHzCHzNR'R'", -(CH2)„-C(=0)NR'r'°, -0-(CH2)„.-C(=0)NR'r'^ . 
-(CH2MZ)g-R^ .-0-(CH2MZ)g-R'. -(CH2)„-MR'®-CH2(CM0R')(CH0R*)„-CH20R*, 
-0-(CH2WNR'°-CH2(CHOR'')(CHORVCH20R*. -(CH2)„-C02R', -0-(CH2)m-C02R^ - 
OSO3H, -O-glucuronide, -O-glucose, 
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— (CH2)„ 



O 




II 



or 



OCOR 



II 



OCOR 



n 



II 



Thus, may be one of the following: 

-(CH2WOR", 

para-(CH2)4-OH, 

-0-(CH2W0R'. 

parar-0-(CH2)4-OH, 

-(CH2)„.NR'r"'. 

para-NHS02CH3, 

para-CH2NH(C=0)-(0CH3)3, 

para-NH(C=0)CH3, 

para-CH2NH2, 

para-NH-C02C2H5, 

para-CH2NH(C=0)CH3, 

para-CH2NHC02CH3, 

para-CH2NHS02CH3, 

para-(CH2)4-NH(C=p)0(CH3)3, 

para-(CH2)4-NH2, 

para-(CH2)3-NH(C=0)0(CH3)3, 

para.(CH2)3-NH2, • 

-0-(CH2)„-NR'R^°, 

para-0CH2CH2NHC02(CH3)3, 

para-0CH2CH2NHC02C2H5, 

para-0-(CH2)3-NH-C02-(CH3)3, 
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para-0(CH2)3-NH2, 

para-OCH2CH2NHS02CH3, 

-(CH2)„(CHOR^)(CHOR%-CH20R^ 

-OKCH;2)™(CHqR«)(CHpkVCH20R^ 

para-OCH2CHOHCH20-glucuionide, 

para-OCH2CH2CHOHCH20H. 

para-OCH2-(a-CHOH)2CH20H, 

para-OCH2-(CHOH)2CH20H, 

-(CH2CH20)„,-R^ 

-0-(CH2CH20)m-R". 

-(CH2CH20)„,-CH2CH2NR'R**'. 

-0-(CH2CH20)m-CH2CH2NR'R'^ 

KCH2)„.C(=0)NR'r'^ 

para-C(=0)NH2, 

-0-(CH2)m-C(=0)NR'R'*', 

para-0-CH2-(C=0)NHCH2CHOH, 

para-0-CH2-(C=0)NHCH2CHOHCH20H, 

para-0-CH2(C=0)NHCH2(CHOH)2CH20H. 

para-0-CH2C(C=0)NHS02CH3, 

para-0-CH2(C=0)NHC02CH3, 

para-0-CH2-C(C=0)NH-C(CK))NH2, 

-0-CH2-(C=0)NH-(C=0)CH3. 

-(CH2)„-(Z)g-R^ 

-(CH2)„-(C=N)-NH2, . 

para-(C=NH)NH2, 

-(CH2)„-NH-C(=NH)-NH2, 

para-(CH2)3-NH-C(=NH).NH2, 

para-CH2NH-C(=NH)-NH2, 

-(CH2)„-CONHCH2(CHOH)„-CH20H, 

-NH-C(=0)-CH2-(CHOH)„CH20H, 

-NH.(C=0)-NH-CH2(CHOH)2CHOH; 

paia-NHC(C=0)NHCH2CH20H, 

-0-(CH2)„,-(Z)g-R^ 
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-0-(CH2)m-NH-C(=NH)-N(R')2. 

para.O(CH2)3-NH-C(=NH)-NH2, * , 

-0-(CH2)m-CHNH2-C02NR^R'°, 

para-OCH2-CHNH2-C02NH2, 

-0-(CH2)m-CHNH2-C02NR'R'°, where the compound is the (R) enantiomer, 

-0-(CH2)in-CHNH2-C02NR'R'°, where the compound is the (S) enantiomer, 

para-OCH2CHOH-CH2NHC02(CH3)3. 

-(CH2)„-NR'°-CH2(CHOR^)(CHOR')„-CH20R^ 

para-NHCH2(CHOH)2CH20H, 

-0.(CH2)m-NR'"-CH2(CHOR*)(CHORVCH20R'. 

-0-(CH2VC02R', 

para-OCH2CH2C02(CH3)3. 

para-OCH2C02H, 

para-OCH2C02C2H5, 

-0-(CH2)m-Boc, 

-(CH2)m-B0C, 

-0-(CH2VNH-C(=NH)-N(R')2. 

-(CH2)„-NH-C(=NH)-N(R')2, 

-(CH2)m-NH-C(=0)-0R^ 

-0-(CH2),„-NH-C(=0)-0R\ 

-(CH2)„-NH-C(=0)-R", 

-0-(CH2)m-NH-C(=0)-R", 

-0-(CH2WC(=0)N(R')2. 

-(CH2)m-CHOH-CH2-NHBoc, 

-0-(GH2)m-CHOH-CH2-Niffioc, 

-(CH2)m-NHC(P)OR', 

-0-(CH2)m-NHC(0)0R', • 
. -0-(CH2VC(=NH)-Nai')2, 

-(CH2)n-C(=NH)-N(R')2. , 
. In another embodiment, R^ is selected from the group consisting of 
-0-(CH2)3-OH, -NH2, -0-CH2-(CHOH)2-CH20H -O-CH2-CHOH-CH2OH, -O-CH2CH2-O- 
tetrahydropyran-2-yl,-0-CH2CHOH-CH2-0-glucuronide, -O-CH2CH2OH, -0-(CH2CH20)4- 
CH3, -O-CH2CH2OCH3, -0-CH2-(CHC)C(=0)CH3)-CH2-OC(=0)CH3, -0-(CH2CH20)2-CH3, 
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-OCHz-fcHOH-CHOH-CHzOH, -CHjOH, -CO2CH3. 



and 



5 




OAc 



hi another embodiment, is selected from the group consisting of para -0-(CH2)3- 
OH. para -NHj, para -0-CH2-(CHOH)2-CH20H, ortho -O-CH2-CHOH-CH2OH, meta -O- 
10 CH2-CHOH-CH2OH, para -0-CH2CH2-0-tetrahydropyran-2-yl, para -O-CH2CHOH-CH2-O- 
glucuronide, para -O-CH2CH2OH, para -0-(CH2CH20)4-CH3, para -O-CH2CH2OCH3, para - 
0-CH2-(CHOC(=0)CH3)-CH2-OC(=0)CH3, para -0-(CH2CH20)2-CH3, -OCH2-CHOH- 
CHOH-CH2OH, para -CH2OH, para -CO2CH3, para -SO3H, para -O-glucuronide, para 
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and 



para 




O 



OCH3 



OAc 



OAc 



OAc 
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In a preferred embodiment, each -<CH2)n-(Z)g-R'' falls within the scope of the 
structures described above and is, independently, 
-(CH2)„-(C=N).NH2. 
-(CH2)„-NH-C(=NH)NH2, 
-(CH2)„-CONHCH2(CHOH)„-CH20H, or 
-NH-C(=0)-CH2-(CHOH)„CH20H. 

In another a preferred embodiment, each -0-(CH2)m-(Z)g-R^ falls within the scope of 
the structures described above and is, independently, 
-0-(CH2WNH-C(=NH)-N(R')2, or 
-0-(CH2)n,-CHNH2-C02NR'R"*. 

In another preferred embodiment, may be one of the following: 

-0-CH2CHOHCH20-glucuronide, 

-OCH2CHOHCH3, 

-OCH2CH2NH2. 

-OCH2CH2NHCO(CH3)3, 

-CH2CH2OH, 

-OCH2CH2OH, 

-0-(CH2)m-Boc, 

-(CH2)m-B0C, 

-OCH2CH20H, 
-OCH2C02H, 

-0-(CH2WNH-C(=NH)-N(R')2, 
.(CH2VNH.C(=NH).N(R')2, 
-NHCfl2(CHOH)2-CH20H, 
-OCH2C02Et^ 

-NHSO2CH3. • - 

-(CH2)m-NH-C(=0)-0R', 

-0-(CH2)m-NH-C(=0)-0R', 

-(CH2)„-NH-C(=0)-R^', 

-0-(CH2)„-NH-C(=0)-R", 

-0-CH2C(=0)NH2, 

-CH2NH2, 
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.-NMCbaEt, " • . " 
-OCH2CH2CH2CH2OH, 
-CH2NHSO2CH3, 
-OCH2CH2CHOHCH2OH, 
-OCH2CH2NHC02Et, 
-NH-C(=NH2)-NH2, 
-OCH2-((X-CHOH)2-CH20H 
-OCH2CHOHCH2NH2, 
-(CH2VCHOH-CH2-NHB0C, 
-0-(CH2)n,-CHOH-CH2-NHBoc, 
-(CH2)m-NHC(0)0R', 
-0-(CH2WNHC(0)0R', 
-OCH2CH2CH2NH2, 
-OCH2CH2NHCH2(CHOH)2CH20H, 
-OCH2CH2NH(CH2[(CHOH)2CH20H)]2, 
-(CH2)4-lSIHBoc, 

-(CH2)4-NH2. 

-(CH2)4-OH. 

-OCH2CH2NHSO2CH3, 

-0-(CH2)„,-C(=NH)-N(R')2, 

-(CH2)n-C(=NH)-N(R')2, 

-(CH2)3-NHBoc, 

-(CH2)3NH2. 

-0-(CH2)m-NH-^fH-C(=NH)-N(R')2, 
-(CH2)„-NH.NH-C(=NH)-N(R')2, or 
-0-CH2-CH0H-CH2-NH-C(=NH)-N(R')2; . 

There are four groups present on the ring in formula (A). Each R^.may be eaqh, 
independently, -R^ -OR". -N(R')2. .(CH2VOR*, 

-0-(CH2),„-0R^ -\CH2)„-NR'r'°, -0-(CH2)m-NR'R'°> 
-(CH2)^(CHOR*)(GHOR*)„-CH20R^-0-(CH^)4CHOR^)(CHOR\-Cto 

-(CH2CH20)m-R". -0-(CH2CH20)„-R*, -(CH2CH20)m-CH2CH2NR'R'^ 

-0-(CH2CH20)m-CH2CH2NR^R'^-(CH2)„-C(=0)NR'R'^ 

-0-(CH2WC(=0)NR'r'», -(CH2V(Z)g-R'. -0-(CH2V(Z)g-R'. 
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.(CH2)„-NR'®-CH2(CHOR')(CHbR\-CH20R'. 
-0-(CH2)m-NR'°-CH2(CHOR'')(CHORVCH20R^ 

-(CH^-C02R^ -0-(CH2)m-C02R', -OSO3H. -O-glucuronide, -O-glucose, or 



* n addition, one of more of the groups can be one of the groups which fall 



she broad definition of R^ set forth above. 

When two R^ are -OR^^ and are located adjacent to each other on a phenyl ring, the 
aik/. iiioieties of the two R^ groups may be bonded together to form a methylenedioxy group, 
i.e,, a group of the formula -O-CH2-O-. 

As discussed above, R^ may be hydrogen. Therefore, 1 , 2, 3, or 4 R^ groups may be 
other than hydrogen. Preferably at most 3 of the R^ groups are other than hydrogen. 

Each g is, independently, an integer from 1 to 6. Therefore, each g maybe 1, 2, 3, 4, 

5, or 6. 

Each m is an integer from 1 to 7. Therefore, each m may be 1,2, 3, 4, 5, 6, or 7. 

Each n is an integer from 0 to 7. Therefore, each n may be 0, 1, 2, 3, 4, 5, 6, or 7. 

Each Q in formula (A) is C-R^, C-R^, or a nitrogen atom, where at most three Q in a 
ring are nitrogen atoms. Thus, there may be 1, 2, or 3 nitrogen atoms in a ring. Preferably, at 
most two Q are nitrogen atoms. More preferably, at most one Q is a nitrogen atom, hi one 
particular embodiment, the nitrogen atom is at the 3-position of the ring. In another 
embodiment of the invention, each Q is either C-R^ or C-R^, i.e., there are no nitrogen atoms 
in the ring. 

More specific exjunples of suitable .groups represented by formula (A) are shown in 
formulas (B)-(E) below: 



— (CH2)o— X— (CH2)p^ 




i <P \ • (B) 

Q-Q>(R^)4 
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where o, x, p, R^, and R^, are as defined above; 



— (CH2), 




R^ 



5 



(C) 



where n is an integer from 1 to 10 and R is as defined above; 



where n is an integer from 1 from 10 and R is as defined above; 



where o, x, p, and R^ are as defined above. 

In a preferred embodiment of the invention, Y is -NH2. 

In another preferred embodiment, R^ is hydrogen. 

In another preferred embodiment, R^ is hydrogen. 

In another preferred embodiment, X is chlorine. 

In another preferred embodiment, R^ is hydrogen. 

In another preferred embodiment, R^ is hydrogen. 

In another preferred embodiment, o is 4. 

In another preferred embodiment, p is 0. 

In another preferred embodiment, the sum pf o and p is 4. 

In another preferred embodi|nent, x represents a single bond. 

In anoth^^preferred embodiment, R^ is hydrogen. 

In another preferred embodiment, at most one Q is a nitrogen atom. 

In anodier preferted emboUiment, no Q is a nitrogen atom. 

•• ■. " . ■ •• • 

In a preferred embodiment of the present invention: 




N 




(E) 



X is halogen; 
Yis-N(R')2; 



23 



wo 03/070182 



PCT/US03/04817 



is hydrogen or C1-C3 alkyl; 
r2 is .R\ -OR^, CH20R^ or -C02R^; 
R is a group represented by formula (A); and 
R"* is hydrogen, a group represented by formula (A), or lower alkyl; 
In another preferred embodiment of the present invention: 
X is chloro or bromo; 
Yis-N(R^)2; 

R^ is hydrogen or C1-C3 alkyl; 

at most three R^ are other than hydrogen as described above; 
at most three R^ are other than hydrogen as described above; and 
at most 2 Q are nitrogen atoms. 

In another preferred embodiment of the present invention: 
Y is -NH2; 

In another preferred embodiment of the present invention: 
R^ is hydrogen; 

at most one R^ is other than hydrogen as described above; 

at most two R^ are other than hydrogen as described above; and 

at most 1 Q is a nitrogen atom. 

The compounds of formula (I) may be prepared and used as the free base. 
Alternatively, the compoimds may be prepared and used as a pharmaceutically acceptable 
salt. Pharmaceutically acceptable salts are salts that retain or enhance the desired biological 
activity of the parent compound and do not impart imdesired toxicological effects. Examples 
of such salts are (a) acid addition salts formed with inorganic acids, for example, hydrochloric 
acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the like; (b) salts 
formed with organic acids such as, for example, acetic acid, oxalic acid, tartaric acid, succinic 
acid, maleic acid, funiaric acid, gluponic acid. Citric acid, malic acid, ascorbic acid, benzoic 
acid, taniiic acid, palmitic acid, alginic acid, polyglutamic &id, haphthalenesulfohic acid, 
methanesulfonic acid, p-tolueneisulfonic acid, naphthalenedisulfonic acid, polygalacturonic 
acid, malonic acid, sulfosalicylic acid, glycoiic acid, 2-hydroxy-3-naphthoate, pamoate, 
salicylic acid, stearic acid, phthalic acid, mandelic acid, lactic acid and the like; and (c) salts 
formed from elemental anions for example, chlorine, bromine, and iodine. 
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It is to be noted that all enantibmers, diastereomers, and racemic rhixtufes of 
compounds within the scope of formula (I) are embraced by the present invention. All 
mixtures of such enantiomers and diastereomers are within the scope of the present invention. 
Without being limited to any particular thebry, it is believed that the cbmpdimds of 
S formula (I) function in vivo as sodiiim channel blockers. By blocking epithelial sodium 

channels present in mucosal surfaces the compounds of formula (I) reduce the absorption of 
water by the mucosal surfaces. This effect increases the volume of protective liquids on 
mucosal surfaces, rebalances the system, and thus treats disease. 

The present invention also provides methods of treatment that take advantage of the 

10 properties of the compounds of formula (I) discussed above. Thus, subjects that may be 
treated by the methods of the present invention include, but are not limited to, patients 
afflicted with cystic fibrosis, primary ciliary dyskinesia, chronic bronchitis, chronic 
obstructive airway disease, artificially ventilated patients, patients with acute pneumonia, etc. 
The present invention may be used to obtain a sputum sample firom a patient by administering 

1 S the active compoxmds to at least one lung of a patient, and then inducing or collecting a 

sputum sample from that patient. Typically, the invention will be administered to respiratory 
mucosal surfaces via aerosol (liquid or dry powders) or lavage. 

Subjects that may be treated by the method of the present invention also include 
patients being administered supplemental oxygen nasally (a regimen that tends to dry the 

20 airway surfaces); patients afflicted with an allergic disease or response (e.g., an allergic 

response to pollen, dust, animal hair or particles, insects or insect particles, etc.) that affects 
nasal airway surfaces; patients afflicted with a bacterial infection e.g., staphylococcus 
infections such as Staphylococcus aureus infections. Hemophilus influenza infections. 
Streptococcus pneumoniae infections, Pseudomonas aeuriginosa infections, etc.) of the nasal 

25 airway'surfaces; patients afflicted with an inflanunatory disease that affects nasal ai^ay 
surfaces; or patients afflicted with sinusitis (wherein the active agent or agents afe 
administered to promote drainage of congestted mucous sectetiohs in the sinuses by 
administering an amount effective to' promote drainage of congested fluid in the sinuses), ox 
combined, Rhinosinusitis. The invention maybe administered to ihintf-sinal surfaces by 

30 topical delivery, including aerosols and drops. 

The present invention may be used to hydrate mucosal surfaces other than airway 
surfaces. Such other mucosal surfaces include gastrointestinal surfaces, oral surfaces, genito* 
lu-ethral surfaces, ocular surfaces or surfaces of the eye, the inner ear and the middle ear. For 
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example, the active compounds of the present invention may be administered by any suitable 
means, including locally/topically, orally, or rectally, in an effective amount. 

The compounds of the present invention are also useful for treating a variety of 
functions relating to the cardiovascular system. Thus, the compounds of the present 
invention are useful for use as antihypertensive agents. The compounds may also be used to 
reduce blood pressure and to treat edema. In addition, the compounds of the present 
invention are also useful for promoting diuresis, natriuresis, and saluresis. The compounds 
may be used alone or in combination with beta blockers, ACE inhibitors, HMGCoA 
reductase inhibitors, calcium channel blockers and other cardiovascular agents to treat 
hypertension, congestive heart failure and reduce cardiovascular mortality. 

The present invention is concerned primarily with the treatment of human subjects, 
but may also be employed for the treatment of other mammalian subjects, such as dogs and 
cats, for veterinary purposes. 

As discussed above, the compounds used to prepare the compositions of the present 
invention may be in the form of a pharmaceutically acceptable free base. Because the free 
base of the compound is generally less soluble in aqueous solutions than the salt, free base 
compositions are employed to provide more sustained release of active agent to the lungs. An 
active agent present in the lungs in particulate form which has not dissolved into solution is 
not available to induce a physiological response, but serves as a depot of bioavailable drug 
which gradually dissolves into solution. 

Another aspect of the present invention is a pharmaceutical composition, comprising a 
compound of formula (I) in a pharmaceutically acceptable carrier (e.g., an aqueous carrier 
solution). In general, the compound of formula (I) is included in the composition in an 
amount effective to inhibit the reabsorption of water by mucosal surfaces. 

The compounds of the present invention may also be used in conjunction with a P2Y2 
receptor agonist or a pharmaceutically dcceptable salt thereof (also sometimes.referred to as 
an "active agent" herein). The composition may further comprise a P2Y2 receptor agonist or 
a pharmaceutically acceptable salt thereof (also sometimes referred to as an "active agent" 
herein). The P2Y2 receptor agonist is typically included in an amount effective to stimlilate . 
chloride and water secretion by airway surfaces, particularly nasal airway surfaces. Suitable 
P2Y2 receptor agonists are described in columns 9-10 of U.S. 6,264,975, U.S. S,6S6,2S6, and 
U.S. 5,292,498, each of which is incorporated herein by reference. 



26 



wo 03/070182 PCT/US03/04817 

Bronchodiloators can also be used in combination with compoiinds of the present 
invention. These bronchodilators include, but are not limited to, jS-adrenergic agonists 
including but not limited to epinephrine, isoproterenol, fenoterol, albutereol, terbutalin,^ 
pirbuterol, bitolterol, met^roterenol, iosetharine, salmeterol xinafoate, as well as 
anticholinergic agents including but not limited to ipratropium bromide, as well as 
compoimds such as theophylline and aminophylline. These compounds may be administered 
in accordance with Icnown techniques, either prior to or concurrently with the active 
compoimds described herein. 

Another aspect of the present invention is a pharmaceutical formulation, comprising 
an active compound as described above in a pharmaceutically acceptable carrier (e.g., an 
aqueous carrier solution). In general, the active compoxmd is included in the composition in 
an amount effective to treat mucosal surfaces, such as inhibiting the reabsorption of water by 
mucosal siufaces, including airway and other surfaces. 

The active compounds disclosed herein may be administered to mucosal surfaces by 
any suitable means, including topically, orally, rectally, vaginally, ocularly and demially, etc. 
For example, for the treatment of constipation, the active compounds may be administered 
orally or rectally to the gastrointestinal mucosal surface. The active compound may be 
combined with a pharmaceutically acceptable carrier in any suitable form, such as sterile 
physiological or dilute saline or topical solution, as a droplet, tablet or the like for oral 
administration, as a suppository for rectal or genito-urethral administration, etc. Excipients 
may be included in the formulation to enhance the solubility of the active compounds, as 
desired. 

The active compounds disclosed herein may be administered to the airway surfaces of 
a patient by any suitable means, including as a spray, mist, or droplets of the active 
compotmds.in a phamiaceutically accibptable carrier such as physiological oi: dilute saline 
solutions or distilled water. For e;^9mple, the active compounds may be prepared as 
formulations and administered as descpbed in U.S. Patent No. 5,789,391 to Jacobus, the 
disclosure of which is incorporated by reference herein in its entirety. ^ 

Solid or liquid particulate active agents prepared for practicing the present invention . 
could, as noted above, include particles of respirable or non-respirabie size; that is, for / : 
respirable particles, particles of a size sufficiently small to pass through the mouth and larynx 
upon inhalation and into the bronchi and alveoli of the lungs, and for non-respirable particles, 
particles sufficiently large to be retained in the nasal airway passages rather than pass through 
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the Inrynx and into the bronchi and alveoli of the lungs. In general, particles ranging from 
aboui 1 to 5 microns in size (more particularly, less than about 4.7 microns in size) are 
'^ciM 1 iiaile- Particles of non-respirable size are greater than about 5 microns in size, up to the 
siz* of visible drpplets. Thus, for nasjd administration, a particle size in the range of 10-500 
jim may be used to ensure retention in the nasal cavity. 

»n the manufacture of a formulation according to the invention, active agents or the 

^uicBlly accq3table salts or free bases thereof are typically admixed with, inter alia^ an 
r^:4ble carrier. Of course, the carrier must be compatible with any other ingredients in the 

jrs)on and must not be deleterious to the patient. The carrier must be solid or liquid, or 

^.(^1 is preferably formulated with the compound as a unit-dose formulation, for 
•^'T v^e, a capsule, that may contain 0.5% to 99% by weight of the active compound. One or 
mor*? ^tive compounds may be incorporated in the formulations of the invention, which 
formulations may be prepared by any of the well-known techniques of pharmacy consisting 
essentially of admixing the components. 

Compositions containing respirable or non-respirable dry particles of micronized 
active agent may be prepared by grinding the dry active agent with a mortar and pestle, and 
then passing the micronized composition through a 400 mesh screen to break up or separate 
out large agglomerates. 

The particulate active agent composition may optionally contain a dispersant which 
serves to facilitate the formulation of an aerosol. A suitable dispersant is lactose, which may 
be blended with the active agent in any suitable ratio (e.g., a 1 to 1 ratio by weight). 

Active compounds disclosed herein may be administered to airway surfaces including 
the nasal passages, sinuses and lungs of a subject by a suitable means know in the art, such as 
by nose drops, mists, etc. In one embodiment of the invention, the active compounds of the 
present invention and administered by transbronchpscopic lavage. In a preferred embodiment 
of the invention, the active compounds of the present invention are de3)osited on lung airway 
surfaces by administering an aerosol suspension of respirable particles coniprised of the 
active compound, which the subject inhales/ The respirable particles may be liquid or solid. 
Numerous inhalers for admiriijstering aerosol particles to the Iimgs of a subject are known. 

hihalers such as those developed by Inhale Therapeutic Systems, Palo Alto, 
California, USA, maybe employed, including but hot limited to those disclosed in U.S. 
Patents Nos. 5,740,794; 5,654,007; 5,458,1 35; 5,775,320; and 5,785,049, each of which is 
incorporated herein by reference. The Applicant specifically intends that the disclosures of 
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all patent references cited herein be incorporated by reference herein in their entirety. 
Inhalers such as those developed by Dura Pharmaceuticals, Inc., San Diego, California, USA, 
may also be employed, including but not limited to those disclosed in U.S. Patents Nos. 
5,622,166; 5,577,497; 5,645,05 1 ; and 5,492,1 12, each of which is incorporated herein by 
5 reference. Additionally, inhalers such as those developed by Aradigni Corp., Hayward, 
California, USA, maybe employed, including but not limited to those disclosed in U.S. 
Patents Nos, 5,826,570; 5,813,397; 5,819,726; and 5,655,516, each of which is incorporated 
herein by reference. These apparatuses are particularly suitable as dry particle inhalers. 

Aerosols of liquid particles comprising the active compound may be produced by any 

10 suitable means, such as with a pressure-driven aerosol nebulizer or an ultrasonic nebulizer. 
See, e.g., U.S. Patent No. 4,501,729, which is incorporated herein by reference. Nebulizers 
are commercially available devices which transform solutions or suspensions of the active 
ingredient into a therapeutic aerosol mist either by means of acceleration of compressed gas, 
typically air or oxygen, through a narrow venturi orifice or by means of ultrasonic agitation. 

15 Suitable formulations for use in nebulizers consist of the active ingredient in a liquid carrier, 
the active ingredient comprising up to 40% w/w of the formulation, but preferably less than 
20% w/w. The carrier is typically water (and most preferably sterile, pyrogen-free water) or 
dilute aqueous alcoholic solution. Perfluorocarbon carriers may also be used. Optional 
additives include preservatives if the formulation is not made sterile, for example, methyl 

20 hydroxybenzoate, antioxidants, flavoring agents, volatile oils, buffering agents and 
surfactants. 

Aerosols of solid particles comprising the active compound may likewise be produced 
with any solid particulate medicament aerosol generator. Aerosol generators for 
administering solid particulate medicaments to a subject produce particles which are 

25 respii^ble, as explained above, and generate a volume of acFOSol containing predefermined 

metered dose 0f itfedicament at a rate suitable for human administration. One illustrative type 
of solid particulate aerosol generator is an insufflator. Suitable formulations for 
administration by insufflation include finely comminuted powders which may be delivered by 
means of ail insufflator or taken into the nasal cavity in the manner of a snuff. In the 

30 . insufflatorj the powder (ei.g:, a metered dose thieredf effective to carry out the treataents 

described herein) is contained in capsules or cartridges, typically made of gelatin or plastic, 
which are either pierced or opened in situ and the powder delivered by air drawn through the 
device upon inhalation or by means of a manually-operated pump. The powder employed in 
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the insufflator consists eittier solely of the active ingredient or of powder blend comprising 
the active ingredient, a suitable powder diluent^ such as lactose, and an optional surfactant. 
The active ingredient tjTpically comprises of 0.1 to 100% w/w of the fqrmulation. A second 
type of illustrative aerosol generator comprises a metered dose inhaler. Metered dose inhalers 
are pressurized aerosol dispensers, typically containing a suspension or solution formulation 
of active ingredient in a liquified propellant. During use, these devices discharge the 
formulation through a valve ad£q)ted to deliver a metered volume, typically from 10 to ISO fil, 
to produce a fine particle spray containing the active ingredient Suitable propellants include 
certain chlorofiuorocarbon compounds, for example, dichlorodifluoromethane, 
trichlorofluoromethane, dichlorotetrafluoroethane and mixtures thereof. The formulation 
may additionally contain one of more co*solvents, for example, ethanol, surfactants, such as 
oleic acid or sorbitan trioleate, antioxidants and suitable flavoring agents. 

The aerosol, whether formed from solid or liquid particles, may be produced by the 
aerosol generator at a rate of from about 10 to ISO liters per minute, more preferable from 30 
to ISO liters per minute, and most preferably about 60 liters per minute. Aerosols containing 
greater amounts of medicament may be administered more rapidly. 

The dosage of the active compounds disclosed herein will vary depending on the 
condition being treated and the state of the subject, but generally may be from about 0.01 , 
0.03, 0.05, 0.1 to 1, 5, 10 or 20 mg of the pharmaceutic agent, deposited on the airway 
surfaces. The daily dose may be divided among one or multiple unit dose administrations. 
The goal is to achieve a concentration of the pharmaceutic agents on lung airway surfaces of 
between 10'^ • 10^* M. 

In another embodiment, they are administered by administering an aerosol suspension 
of fespirable or non-respirable particles (preferably non-respirable particles) comprised of 
active compound, which the.subject inhales through the nose. The respii^ble or non- . 
respirable particles may be liquid or solid. The quantity of active agent included may be an 
amount of sufficient to achieve dissolved concentrations of active agent on the airway 
surfaces of the subject of from about 10'^, 10;^ or 10*'' to about 10"\ 10'^, 10"' moles/liter, and 
more preferably froni about 10'' to about 10^ moles/liter. 

The dosage of active compoimd will vaiy depending on the condition heing treated 
and the state of the subject, but generally maybe an amount sufficient to achieve dissolved 
concentrations of active compoimd on the nasal airway surfaces of the subject from about 10" 
^, 10'*, 10*^ to about 10'^, 10"^, or 10"^ moles/liter, and more preferably from about 10'^ to 
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about 10 rildles/liter. Dqjending upon the solubility of the particular formulation of active 
compound administered, the daily dose may be dividpd among one or several xinit dose, 
administrations. The daily dose by weight may range from about 0.01, 0.03, 0.1, 0.5 or 1.0 to 
10 or 20 milligrams of active agent particles for a human subject, depending upon thie age iand 
S condition of the subject. A currently preferred unit dose is about 0.5 milligrams of active 
agent given at a regimen of 2-10 administrations per day. The dosage may be provided as a 
prepackaged unit by any suitable means (e.g., encapsulating a gelatin capsule). 

In one embodiment of the invention, the particulate active agent composition may 
contain both a free base of active agent and a pharmaceutically acceptable salt to provide both 

10 early release and sustained release of active agent for dissolution into the mucus secretions of 
the nose. Such a composition serves to provide both early relief to the patient, and sustained 
relief over time. Sustained relief, by decreasing the number of daily administrations required, 
is expected to increase patient compliance with the course of active agent treatments. 

Pharmaceutical formulations suitable for airway administration include formulations 

15 of solutions, emulsions, suspensions and extracts. See generally, J. Nairn, Solutions, 

Emulsions, Suspensions and Extracts, in Remington: The Science and Practice of Pharmacy, 
chap. 86 (19*^ ed. 1995), incorporated herein by reference. Pharmaceutical formulations 
suitable for nasal administration may be prepared as described in U.S. Patents Nos. 4,389,393 
to Schor; 5,707,644 to Dlum; 4,294,829 to Suzuki; and 4,835,142 to Suzuki, the disclosures 

20 of which are incorporated by reference herein in their entirety. 

Mists or aerosols of liquid particles comprising the active compound may be produced 
by any suitable means, such as by a simple nasal spray with the active agent in an aqueous 
pharmaceutically acceptable carrier, such as a sterile saline solution or sterile water. 
Administration may be with a pressure-driven aerosol nebulizer or an ultrasonic nebulizer. 

25 See e.g. U*S. Patrat No. 4,501^7^9 and 5,656,256, botiti of whidi are incorporated herein by 
reference. Suitable fdrmulatioiis for iise in a nasal droplet or spray bottle or in nebulizers 
consist of the active ingredient in a liquid carrier, the active ingredient comprisiiig up to 40% 
w/w of the formulation, biit preferably less than 20% w/>y. Typically the carrier is water (and 
most preferably sterile, pyrogeil-free. water) qr dilute aqueous alcoholic solution, preferably 

30 made in a 0.12% to 0.8% solution of sodium chloride. Optional additives iticlude 

preservatives if the formulation is not made sterile, for example, methyl hydroxybenzoate, 
antioxidants, flavoring agents, volatile oils, buffering agents, osmotically active agents (e.g. 
mannitol, xylitol, erythritol) and surfactants. 
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Compositions containing fespirable or non-respirtible dry particles of micronized 
active, agent may be prepared by grinding the dry active agent >yith a mortar and pestb, and 
then passing the micronized. composition thrpugh a 400 mesh screen to break up or separate 
out large aggiomerates. 

The particulate composition may optionally contain a dispersant which serves to 
facilitate the formation of an aerosol. A suitable dispersant is lactose, which may be blended 
with the active agent in any suitable ratio (e.g., a 1 to 1 ratio by weight). 

The compounds of fomiula (I) may be synthesized according to procedures known in 
the art. A representative synthetic procedure is shown in the scheme below: 




These procedures are described in, for example, E.J. Cragoe, 'The Synthesis of Amiloride 
and Its Analogs*' (Chapter 3) in Amiloride and Its Analogs, pp. 25-36, incorporated herein by 
reference. Other methods of preparing the compounds are described in, for example, U.S. 
3,313,813, incorporated herein by reference. See in particular Methods A, B, C, and D 
described in U.S. 3,313,813. Several assays may be used to characterize the compounds of 
the present invention. Representative assays are discussed below. 

In Vitro Measure of Sodixun Chaimel Blocking Activity and Reversibilitv 
. One assay used to assess mechanism of action and/or potency of the compounds of the 
present invention irivolves ,the deterxnination of iumenal drug inhibition of airway epithelial 
sodium currents measured under short circuit current (Isc) using airway epithelial ni6holayers 
mounted in Ussing qhambere. Cells obtained from freshly excised human, dog, sheep or 
rodent airways are seeded onto porous 0.4 micron Snapwell™ Inserts (CoStar), cultured at 
air-liquid interface (ALI) conditio^is in hormonally defined media, and assayed for sodium 
transport activity (Isc) While bathed in Krebs Bicarbonate Ringer (KBR) in Using chambers. 
All test drug additions are to the lumeilal batii with half-log dose addition protocols (from 1 X 
10'* ^ M to 3 X 10'^ M), and the ciunulative change in Isc (inhibition) recorded. All drags are 
prepared in dimethyl sulfoxide as stock solutions at a concentration of 1 x 10'^ M and stored 
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at -20^ C. Eight preparations are typically run in parallel; two preparations per run 
incorporate amiloride and/or benzamil as positive controls. After the maximal concentration 
(S X 10'^ M) is administered, the lumenal bath is exchanged three times with fresh drug- free 
KBR solution, and the resultant Isc measured after each wash for approximately 5 minutes in 
duration. Reversibility is defined as the percent return to the baseline value for sodium 
current after the third wash. All data from the voltage clamps are collected via a computer 
interface and analyzed off-line. 

Dose-effect relationships for all compounds are considered and analyzed by the Prism 
3.0 program. IC50 values, maximal effective concentrations, and reversibility are calculated 
and compared to amiloride and benzamil as positive controls. 

Pharmacological Assavs of Absorption 
(1) Apical Disappearance Assav 

Bronchial cells (dog, human, sheep, or rodent cells) are seeded at a density of 0.2S x 
10^/cm^ on a porous Transwell-Col collagen-coated membrane with a growth area of 1 .1 3 
cm^ grown at an air-liquid interface in hormonally defined media that promotes a polarized 
epithelium. From 12 to 20 days after development of an air-liquid interface (ALT) the 
cultures are expected to be > 90% ciliated, and mucins will accumulate on the cells. To 
ensure the integrity of primary airway epithelial cell preparations, the transepithelial 
resistance (Rt) and transepithelial potential differences (PD), which are indicators of the 
integrity of polarized nature of the culture, are measured. Human cell systems are preferred 
for studies of rates of absorption from apical surfaces. The disappearance assay is conducted 
under conditions that munic the *thin" films in vivo (-25 |il) and is initiated by adding 
experimental sodium channel blockers or positive controls (amiloride, benzamil, phenamil) to 
the sq)ical surface at aii initial cohcentratioii of ip ^M . A series of samples (5 \il volume per 
sample) is collected at various time points^ including 0, 5, 20, 40, 90 and 240 minutes. 
Concehtratibns are detennined by measuring intrinsic fluorescetice of each sodium channel 
blocker using a Fluorocount Microplate Flourometer or HPLC Quantitative, analysis 
employs a standard curve generated from authentic referience standard materials of knowii 
concentration and purity. Data anailysis of the rate of disappearance is performed using 
noillihear regression, oiie phase expdnential d^^ 
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2. Confocal Microscopy Assay of Amiloride Congener Uptake 

Virtually all aniiloride-like molecules fluoresce in the ultraviolet range. This property 
«i><$e molecules niay be used to directly measure cellular update using x-z confocal 
mi« K>$copy. Equimolar concentrations of experimental compoimds and positive controls 
ic^rhidtng amiloride and compounds that demonstrate r^id uptake into the cellular 

tment (benzamil and phenamil) are placed on the apical surface of airway cultures on 
^ of the confocal microscope. Serial x-z images are obtained with time and the 
^ide of fluorescence accumulating in the cellular compartment is quantitated and 
A$ a change in fluorescence versus time. 

3. In vitro Assays of Compoimd Metabolism 

Airway epithelial cells have the capacity to metabolize drugs during the process of 
transepithelial absorption. Further, although less likely, it is possible that dmgs can be 
metabolized on airway epithelial surfaces by specific ectoenzyme activities. Perhaps more 
likely as an ecto-surface event, compoimds may be metabolized by the infected secretions that 
occupy the airway lumens of patients with lung disease, e.g. cystic fibrosis. Thus, a series of 
assays is performed to characterize the compound metabolism that results fix>m the interaction 
of test compounds with human airway epithelia and/or human airway epitheUal lumenal 
products. 

In the first series of assays, the interaction of test compounds in KBR as an "ASL" 
stimulant are applied to the apical surface of human airway epithelial cells grown in the T- 
Col insert system. For most compounds, metabolism (generation of new species) is tested for 
using high performance liquid chromatography (HPLC) to resolve chemical species and the 
endog;enous fluorescence properties of these compounds to estimate the relative quantities of 
test compound and hovel metabolites. For a typical iaissaiy; a test solutioii (2S^/il KBR^ 
containing 10 /iM test compound) is placed on the epithelial lumenal surface. Sequential 5 to 
10 /il samples are obtained from the lumenal and serosal compartments for HPLC analysis of 
(1) the mass of test compoimd permeating fi-om the limierial to serosal bath and (2) the 
potential formation of metabolites fi-om the parent compoimd. In instances where the 
fluorescence properties of the test molecule are not adequate for such characterizations, 
radiolabeled compounds are used for these assays. From the HPLC data, the rate of 
disappearance and/or formation of novel metabolite compounds on the lumenal surface and 
the appearance of test compound and/or novel metabolite in the basolateral solution is 
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quantitated. The data relating the chromatographic mobility of potential novel metabolites 
with referenQe to the parent compound are also quantitated. 

To analyze tihe potential metabolism of test compounds by CF sputum, a 
'^representative" mixture of expectorated CF sputum obtained from 10 CF patients (under 
5 IRB approval) has been collected. The sputum has been be solubilized in a 1 :5 mixture of 
KBR solution with vigorous vortexing, following which the mixture was split into a "neat" 
sputum aliquot and an aliquot subjected to ultracentrifugation so that a ^^supernatant" aliquot 
was obtained (neat=cellular; supematant==liquid phase). Typical studies of compound 
metabolism by CF sputum involve the addition of known masses of test compound to "neat" 
10 CF sputum and aliquots of CF sputiun "supematant" incubated at 37 °C, followed by 

sequential sampling of aliquots from each sputum type for characterization of compound 
stability/metabolism by HPLC analysis as described above. As above, analysis of compoimd 
disappearance, rates of formation of novel metabolities, and HPLC mobilities of novel 
metabolites are then performed. 



15 



20 



25 



4. Pharmacological Effects and Mechanism of Action of the Drug in Animals 
The effect of compounds for enhancing mucociliary clearance (MCC) can be 

measured using an in vivo model described by Sabater et al., Joumal of Applied Physiology, 

1999, pp. 2191-2196, incorporated herein by reference. 

EXAMPLES 

Having generally described this invention, a frirther understanding can be obtained by 
reference to certain specific examples which are provided herein for purposes of illustration 
only and are not intended to be limiting unless otherwise specified. 



Preparation of Sodium Channel Blockers 
Materials and methods. All reagents and solvents were purchased from Aldrich Chemical 
Corp. and used with9ut fitfther pvtrifica^on. NMR spectra were obtained on either a Bruker 
WM 360 ('H NMR at 360 MHz and ^?C NMR at 90 MHz) or a Bruker AC 300 (^H NMR at 
30 . 300 MHz and *^C NMR.at 75 MHz), flash chromatography was performed on a Flash 
Elute™. system from Eiution Splutibn (PO Box 5147, Charlottesville, Virginia 22905) ' 
charged with a 90 g silica gel cartridge (40M FSO-01 10-040155, 32-63 /xm) at 20 psi (Na). 
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GC-arialysis was perfonhed on ia Shimadzu GC-17 equipped with a Heliflex Capillary 
Column (AUtech); Phase: AT-1, Length: 10 meters, ID: 0.53 mm, Film: 0.25 micrometers. 
GC Parameters: hijector iat 320 ""C, Detector at 320 ""C, FID gas flow: H2 at 40 ml/min.. Air at 
400 ml/min. Carrier gas: Split Ratio 16:1, N2 flow at 1 5 ml/min., N2 velocity at 1 8 cm/sec. 
5 The temperature program is 70 **C for 0-3 min, 70-300 ^C from 3-10 min, 300 "^C from 10-15 
min. 

HPLC analysis was performed on a Gilson 322 Pump, detector UV/Vis-156 at 360 
nm, equipped with a Microsorb MV C8 column, 100 A, 25 cm. Mobile phase: A = 
acetonitrile with 0.1% TFA, B = water with 0.1% TFA. Gradient program: 95:5 B:A for 1 
10 min, then to 20:80 B:A over 7 min, then to 100% A over 1 min, followed by washout with 
100% A for 1 1 min, flow rate: 1 ml/min. 

Example 1 

15 4-(4-Carboxymethylphenyl)butylamidino-395-diamino-6-chloropyrazinecarboxamide 

hydrochloride (9) 

O 




9 



20 Methanesulfonic acid 4-(4-carboxymethylphenyl)butyl ester (6). 

Compound 6 was prepared according to the published procedure\ NMR (300 MHz, 
CDCI3) 6 1.75 (m, 4H), 2.78 (m, 2H), 3.12 (s, 3H); 3.«8<s, Sp)* 4.22 (m, 2H), 7.28 (d, 2H), 
7:98 (d,2H) • 

25 4-(4-Carboxyiiietliylphenyi)b|itylazide (7). Typical procedure C* 

Compound 6 (6 g, 0.02 mol) was dissolved in 80 ml ofdry DMF then sodium azide (1.8 g, 
0.027 mol) was added. The suspension was stirred at 80 *^C (oil bath) for 3 h. The solvent 
was then removed at reduced pressure and the residual oil was treated with CH2CI2 (100 mL). 
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The resulting solution was washed with water (2 x 100 mL), brine ah4 dried over magnesium 

sulfate. The solvent was removed xinder reduced pressure then the residue was redissolved in 
a 1 : 1 mixture of ethyl acetatQ/h^x9Jies (200 mL) and passed through a pad of silica gel. The 
solvent was removed under rieduced pressure to give 4.1 g (85 %) of 7 as clear oil. NMR 
5 (300 MHz, CDCI3) 5 1.68 (m, 4H), 2.22 (t, 2H), 3.29 (t, 3H), 3.92 (s, 3H), 7.28 (d, 2H), 7.98 
(d,2H). 

4-(4-Carboxyniethylphenyl)butylainine (8). 

Azide 7 (1,7 g , 7.2 nunol) and triphenylphosphine (1.9 g, 7.2 mmol) were dissolved in a 10% 
10 solution of water in THF (66 mL) and stirred overnight at 25°C. Then more 

triphenylphosphine (0,8 g, 3 mmol) was added and the heating was continued at 60 (oil 
bath) for 6 h. The solvent was removed under reduced pressure and the residue was treated 
with 2M HCl (100 mL) and extracted with ethyl acetate (2 x 50 mL). The water fraction was 
collected and anunonium hydroxide was added until the pH reached approximately 13. The 
15 mixture was extracted with ethyl acetate (2 x 100 mL) then the organic fraction was washed 
with brine, water and dried with sodium sulfate. Ethyl acetate was removed under reduced 
pressure to give 0.8 g (53%) of amine 8. 

4-(4-Carboxymethylphenyl)butylanudino-3,5-diamino-6-chloropyrazinecarboxainide 
20 hydrochloride (9). Typical procedure D. 

l-(3,5-Diamino-6-chIoropyrazinoyl-2-methyl-pseudothiourea hydroiodide (0.2 g, 0.5 mmol). 
was added to a solution of 8 (0.7 g, 3.4 mmol) in THF (20 mL). The reaction mixture was 
stirred at reflux for 6 h, then the solvent was evaporated and the resultant oil was treated with 
10% HCl (15 mL). The precipitate was isolated and crystallized twice from ethanol to give 9 
25 (53 mg, 25%) as a yellow solid. *H NMR (300 iSfflz. I)MS6-£^6) 6 1.59 (br s, 4H), 2.71 (m, 
2H), 3.83 (s, 3H), 7.40 (d, 2H), 7.48 (br s, 2H), 7.80 (d, 2H), 8,92 (br s, 2H), 9.00 (br s, IH), 
. 9.48 (bt s, 2H), 10,55 (s, IH). AtCI MS m/z = 420 [C18H22CIN7O3 + Hf . 

Example 2 

30 

4-(4-SulfatephenyI)butylahiidino-3^-diamid6-6-chl6rdpyrazijbetarb (1 0) 
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4-(4-Sulfatephenyl)butylamidino-3,5*diainino-6-chloropyrazinecarboxaniide (10). 
4-(4-Hydroxyphenyl)butylamidino-3,5-diamino-6-chloropyrazinecarboxam hydrochloride 
5 (0.2 g, 0.5 mmol) was dissolved in 5 mL of dry pyridine and pyridine sulfiirtrioxide (450 
mg, 2.5 mmol) was added. The reaction mixture was stirred overnight at room temperature 
and the precipitate that formed was isolated by filtration and washed with ethyl acetate (2 x 
25 mL) to give crude 10 (1 80 mg, 39%, purity 87 % by HPLC). An aliquot of the crude 10 
(67 mg) was purified by flash chromatography (silica gel, 6:3:0.1 methylene 
chloride/methanol/concentrated ammonium hydroxide) to give 10 as a yellow solid (9.3 mg, 
4% based on starting 5). 'H NMR (300 MHz, DMSO-J5) 6 1.59 (br s, 4H), 2.58 (m, 2H), 
3.28 (m, 2H), 7.08 (s, 4H), 7.1-7.9 (m, 6H). ESI MS m/z = 456 [C16H20CIN7O5S - H]\ 

Example 3 

4-[4-(293-Dihydroxypropyloxyl)phenyl]butylamidino-39S-dianiino-6- 
chloropyrazinecarboxaniide hydrochloride (33) 



OH 




A^-Cbz-4-(4-hydroxyptaenyi)biitylamine (29). 

To vigorously stirred suspension of 4 (1 0.S.g^ 0.043 mpl) in THF (approx. 150 mL) was 
added sodium hydrogencarbonate (1 1 g, 0.13 mol) and then water until a clear solution was 
obtained (approx. 50 mL). The reaction mixture was cooled to 0 then benzyl 
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chloroformate(lOmL, 0.07 mol) was added and The 

* *■ • . * • • ■ • 

solvent was removed at reduced pressure then ethyl acetate (approx. 100 mL) was added to 
the residue. The organics were washed with HCl (2 M solution, 2 x 30 niL), water ( 2 x 50 
mL), and dried over sodium sulfate. The solvent was removed and the residue was purified 
5 by column chromatography (siUca gel, 1 : 1 ethyl acetate/hexanes) to provide 29 (10 g, 85%) 
as a white solid. 'H NMR (300 MHz, CDCI3) 6 1.55 (br s, 4H), 2.53 (m, 2H), 3.19 (m, 2H), 
5.05 (s, 2H), 5.83 (s, IH), 6.73 (d, 2H), 7.00 (d, 2H), 7.38 (m, 5H). 



A^-Cbz-4-(4-aIlyIoxyphenyl)butylamme(30). 

10 Potassiiun /er/-butoxide (1.7 g, 15.2 mmol) and 18-crown-6 (0.1 g, 0.3 mmol) were added to 
a solution of 29 (4.3 g, 14.3 mmol) in dry MeCN (80 mL) and the mixture was stirred for 20 
min at room temperature. After this time, allyl bromide (1.2 mL, 14.3 mmol) in MeCN (10 
mL) was added. The reaction mixture was stirred overnight at room temperature, then the 
precipitate was filtered off and washed with ethyl acetate. The organic firactions were 

1 5 combined, the solvent was removed at reduced pressure and the residue was purified twice by 
flash chromatography (siUca gel, 1:1 ethyl acetate/hexanes) to provide compound 30 (3.4 g, 
71 %) as a white solid. NMR (300 MHz, CDCI3) 6 1.55 (m, 4H), 2.54 (t, 2H), 3.20 (m, 
2H), 4.50 (d, 2H), 5.08 (s, 2H), 5.28 (d, IH), 5.40 (d, IH), 6.06 (m, IH), 6.82 (d, 2H), 7.05 (d, 
2H), 7.33 (s, 5H) 

20 

A^-Cbz-4-[(2,3-dihydroxypropyloxy)phenyl]butylamine (31). 

A solution of osmium tetroxide (50 mg, 0.2 mmol) in /er/-butanol (8 mL) was added to a 
solution of 4-methylmoipholine N-oxide monohydrate (1.2 g, 9.1 nmiol) in 100 mL (1:1) 
acetone/water solution and the mixture was stirred for 10 min at room temperature. After this 

25 time, (3.1 g, 9.0 minol) was added in 50 mL (1 : 1) acetohe/watd- solution. The reactipji' 
mixture was stirred at room temperature oversight, then NaHSOa (0.5 g) was added and the 
stirring was coritiriued for l5 minf *rh(B acetone was evaporated and the pH was adjusted to. . 
5.5 by the addition of 2N HCl then the mixtjxre was extractied with ethyl acetate. The organic 
fi-action was isolated^ dried with sodivun* sulfate, and filtered through silica gel. Compound 

30 31 (2.1 g, 62%) was isolated as a white solid after removing the solvent and drying under 
• vacuum, NMR (300 MHz, DMSO-rftf) 8 1.48 (m, 2H), 1.^0 (m. 2H), 2,46 (m, 2H), 3.00 
(m, 2H), 3.43 (m, 2H), 3.80 (m, 2H), 3.93 (t, IH), 4.66 (d, IH), 4.99 (s, 2H), 6.82 (d, 2H), 



39 



. wo 03/070182 
7.07 (d, 2H), 7.26 (s, IH), 7.33 (s, 5H): 



PCTAJS03/04817 



4"|ik,J-DIhydroxypropyIoxy)phenyl]butylainine (32). 

Cb/. protected amine 31 (2.1 g, 5.6 mmol) was dissolved in methanol (50 mL) and Pd/C (0.46 
g. 5% wet) was added in methanol (20 mL). The reaction mixture was stirred for 3 h at 1 
"^ifre of hydrogen, then the solution was filtered through a pad of silica gel. The 
a/ as then evaporated to give firee amine 32 (0.9 g, 66%). ^HNMR(300MHz, 
f>^- ' ^-de) d L37 (m, 2H), 1.50 (m, 2H), 2.92 (m, IH), 3.22-4.05 (br s, 4H), 3.43 (m, 2H), 
IH), 6.82 (d, 2H), 7.07 (d, 2H). 

f ; i4*DihydroxypropyloxyI)phenyl]butylamidino-3,5-diamino-6- 
€til#^t*|iyraziDecarboxamide hydrochloride (33). (General Procedure Z) 
l-f3.5-Diamino-6-chloropyrazinoyl-2-methyl-pseudothiourea hydroiodide (1.5 g, 3.8 mmol) 
was added to a solution of 32 (0.9 g, 3.7 mmol) in a mixture of THF (50 mL) and 
diisopropylethylamine (2 mL). The reaction mixture was stirred at reflux (66 ®C) for 4 h. 
After this time, the reaction mixture was cooled to room temperature and the fomied 
precipitate was isolated as a yellow solid. The obtained solid was washed with 5% HCl, 
water, and dried under vacuum to give 33 (0.88 g) as a yellow solid. The mother liquor was 
evaporated and the residue was pimfied by flash chromatography (silica gel, 5:1:05 
chloroform/methanol/concentrated ammonium hydroxide). The isolated firee amino 
compound was treated with 5% HCl to give an additional portion of 33 (0.1 2g). The total 
yield of 33 was 53%. *H NMR (300 MHz, DMSO-dd) 8 1.56 (m, 4H), 2,56 (br s, 2H), 3.31 
(m, 2H), 3.42 (m, 2H), 3.82 (m, 2H), 3.93 (m, 2H), 4.32 (br s, 4H), 6.84 (d, 2H), 7.10 (d, 2H), 
7.45 (br s, 2H), 8.81 (br s, IH), 8.94 (br s, IH), 9.25 (br s, IH), 10.52 (s, IH), APCI MS m/z 
= 452 [Ciai26ClN704H- H]^ / V 

Example 4 * 

Substituted 3,5-diamino-6-chIoropyrazinecarboxamide amidines (cont) 
Alternate preparation of amine 32 . 

4-(4-M etboxyphenyl)butyramide (11 7). 

4-(4-Methoxyphenyl) butyric acid (1) (450 g, 2.32 mole) was combined with dry THF (4 L) 
and 4-methylmoipholine (268 mL, 2.43 mole) in a 12 L three neck flask with mechanical 
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Stirring, an ice-methanol cooling bath and nitrogen atmosphere. Small pieces of dry ice were 
used to bring the bath temperature below -20 **C. Isobutyl chloroformate was added at a rate 
so as not to exceed an internal temperature of -10 °C. After stirring for 30 min. at -10 to -20 
°C, a 4.7 M solution of ammonia in methanol (990 mL, 4.64 mole) was added in one portion. 
5 During the addition, the reaction temperature rose to 0 °C. The reaction was allowed to stir 
for 30 min. and then allowed to stand overnight. The product mbcture was transferred to a 22 
L separatory funnel with ethyl acetate (6 L), and 10% sodium chloride solution (1.5 L). The 
layers were separated and the organic solution was washed with 10% sodium chloride 
solution (4 X 1 L) and then brine (3 x 500 mL). The organic layer was dried over sodium 
10 sulfate, filtered, evaporated and placed under high vacuum ovemight. This afforded 432 g 
(97%) of the pure amide (117) as an off white solid. 

NMR (300 MHz, CD3OD) 6 1.81-1.93 (m, 2H), 2.20 (t, 7= 7.7 Hz, 2H), 2.57 (t, J= 7.7 
Hz, 2H), 3.74 (s, 3H), 6.82 (d, J- 8.7 Hz), 7.09 (d, 8.7 Hz, IH). CI MS m/z = 194 
[CnH,5N02 + Hr. 



41 




aCbz,NaHC03 
H2O, 1-4-Dioxane 




NHCbz 



33M in EtOH 
5 mol% TEA, 
reflux, l-3h 




4-(4-Hydroxyphenyl)butylainine hydrobromide (4). 

4-(4-Methoxyphenyl)butyramide (117) (200 g, 1.0 mole) and THF (300 mL) were combined 
in a 12 L. three neck flask which was equipped with a heating mantle, an intemal.thennometer 
5 and a reflux condenser. The suspension was slowly mechanically stirred while a 1 M 

borane-THF complex (1 L, 1 x^qle) was dripped in viai a pressure equalizing addition funnel 
over 20 min. Another 2.2 L (2.2 mole) of 1 M bprane-THF complex was dripped in over 20 
min. The reaction temperature roise to 45 °C during the addition. The reaction was stirred 
and heated to reflux over 1 h, at reflux for 2 h and then allowed to cool for 2 h. Methanol 
10 (500 mL) was slowly and cautiously dripped into the reaction. Copious H2 evolution was 
observed. The reaction was heated at reflux for 2 h and allowed to cool ovemight. The 
reaction was evaporated and then co-evaporated with toluene (500 mL) to a thick oil. 48% 
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HBr (3 L) was slowly and cautiously added to the reaction. Bubbling and foaming was^ 
observed during this addition which was exothermic. After the addition, the re^^ction became 
stirrable, and was stirred at reflux for 7 h. The reaction was allowed to cool with stirring 
overnight. The reaction was stirred with ice bath cooling and then suction filtered to collect 
an off white solid. The solid was co-evaporated with toluene/methanol (1:1) and then dried 
under vacuum at 60 ""C overnight. This afforded 197 g (77%) of (4) as an off white 
crystalUne solid. 

*H NMR (300 MHz, CD3OD) 5 1.66 (m, 4H), 2.57 (m, 2H), 2.92 (m, 2H), 6.70 (d, •/= 8.5 
Hz, 2H), 7.01 (d, y = 8.5, Hz, 2H). CI MS m/z = 166 {CioHisNO + H]^ 

7V-Cbz-4-(4-hydroxyphenyI)butylamine (29), 

4-(4-Hydroxyphenyl)butylamine hydrobromide (4) (197 g, 0.80 mole), water (1 L), 1,4- 
dioxane (1 L) and sodium bicarbonate (336 g, 4 mole) were combined and stirred while 
cooled in an ice-methanol cooling bath. Benzyl chloroformate (141 mL, 0.96 mole) was 
dripped in over 5 min. at -2 **C with no appreciable exotherm observed. This was stirred and 
allowed to warm to room temperature as the cooling bath thawed overnight. An additional 
quantity of benzyl chloroformate (8 mL, 0.54 mol) was dripped in and this was allowed to stir 
for 2 h. The product mixture was then evaporated to approximately 500 mL and transferred 
to a 2 L separator/ funnel with ethyl acetate while decanting away from the solids. The 
aqueous layer was extracted with ethyl acetate (3x1 L). The extracts were combined, 
washed with brine, dried over sodium sulfate, filtered and evaporated to afford 265 g of the 
crude product. A portion of the crude product (130 g) was chromatographed (silica gel, 5:1 
hexanes/ethyl acetate) using toluene to load the column. The remaining crude material was 
crystallized from 1 : 1 toluene/heptane. This material was suction filtered to collect the solid 
and washed with 1:1 toluene/heptane. / 

This material was vacuum desiccated at 45 ®C for 2 h. The. combing yield of compound (29) 
was 1 50 g (62%) of a white crystallihfc sdlid. *H NMR (300 MHz, CDCI3) 6 1 .43 - 1 .65 (m, 
4H), 2,S2 (t, -/= 7.4 Hz, 2H), 3.19 (q, J= 6.4 Hz, 2H), 4.78 (br s, IH), 5.09 (s, 2H), 5.77 (s, 
IH), 6.74 (d, /= 8.5 Hz, 2It), 6.98 (d, 7= 8.5 Hzr2H), 7.34 (s, 5). CI MS m/z = 300 
[C,8H2iN03 + Hr. 
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iV-Cbz.4-[4-(2,3-dihydroxypropyloxy)phenyllbutylam^ 

?/-Cbz-4-(4-hydroxyphenyl)butylamine (31) (30 g, 0.10 mole), glycidol (8,0 mL, 0.12 mole) 
ethanol (30 mL) and triethylamine (0.7 mL, 0.005 mole) were stirred at reflux under argon for 
2 h. The product mixture was evaporated, taken up in hot ethyl acetate and suction filtered 
through a plug of silica gel, eluting with ethyl acetate. After evaporating to a white solid, this 
solid was re-crystallized from toluene to afford 21.8 g (58%) of compound (31). 

NMR (300 MHz, CD3OD) 5 1.42 - 1 .65 (m, 4H), 2.54 (t, 7= 7.5 Hz, 2H), 3.1 1 (t, J= 6.4 
Hz, 2H), 3.58-3.71 (m, 2H), 3.88-4.04 (m, 3H), 5.05 (s, 2H). 6.84 (d, J= 8.7 Hz, 2H), 7.06 
(d, y = 8.5 Hz, 2H), 7.32 (s, 5H). 

4-[4-(2,3-propanediol-l-oxy)phenyl]butylamine (32). 

;V-Cbz-4-[4-(2,3-dihydroxypropyloxy)phenyl]butylamine (31) (67 g, 0.179 mole), ethanol 
(900 mL), acetic acid ( 50 mL) and 50% wet 10% palladium on carbon (10 g) were stirred at 
atmospheric pressure under H2. After stirring overnight, the reaction was purged with 
nitrogen and suction filtered through a pad of celite. This was evaporated and then co- 
evaporated 3 times with ethanol (500 mL). The residue was chromatographed (silica gel, 
100:10:1 methylene chloride/methanol/concentrated ammonium hydroxide) to afford 38 g 
(89%) of pure compound (32). 

'H NMR (300 MHz, CD3OD) d 1.42 - 1.55 (m, 2H), 1.55- 1.68 (m, 2H), 2.56 (t, J= 7.5 Hz, 
2H), 2.65 (t, y = 7.2 Hz, 2H), 3.58-3.72 (m, 2H), 3.89-4.05 (m, 3H), 6.85 (d, J= 8.7 Hz, 2H), 
7.08 (d, 7=8.7 Hz, 2H). 
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Example 5 



4-(4-(2,3-Diacetoxypropyioxy)phenyl]butylainidino-3,5-dianiino-6- 

chloropyrazinecarboxamide (36) 



5 



OAc 



O 



NH 




O 




OAc 



H2N 



CI 




NH2 



NH 



A 



NH 



•HCl 



36 



10 



7V-Cbz-4-[(2y3-diacetoxypropyloxy)phenyl]butylainine (34). 

Acetic anhydride (0.6 ml, 6 mmol) was added to solution of 31 (0.55 g, 1.5 mmol) in dry 



pyridine (50 mL) under stirring. The reaction mixture was stirred 3 h at 25 and 3 h at 40 
°C (oil bath). After this time, the reaction was quenched with 2N HCl (100 mL) and 
extracted with ethyl acetate. The organic fraction was washed with water and dried over 
sodium sulfate. The solvent was removed under reduced pressure to provide 34 (0.6g 86%) 
15 as a white powder. ^H ^^V[R (300 MHz, CDCI3) 6 1.55 (m, 4H), 1.98 (s, 3H), 2.02 (s, 3H), 
2.55 (m, 2H), 4.08 (m, 2H), 4.30 (m, 2H), 4.45 (m, IH), 4.80 (br s, IH), 5.08 (s, 2H), 5.38 
(m, IH), 6.82 (d, 2H), 7.08 (d, 2H), 7.35 (s, 5H). 

4-[(293-^diacetoxypropyloxy)phenyI]butylamine (35). 

20 Cbz-protected amine 34 (0.6 g, 1.3 mmol) was dissolved in methanol (25 mL) containing 1% 
acetic acid then Pd/C (0.22 g, 5% wet.) wa§ added. The reaction mixture wis stirred for 3 h 
under hydrogen (1 atm), then the solution was filtered through a pad o^silica gel and the 
solvent was evaporated to give amine 35 (0.37 g, 869^) as a clear oil. 

25 4-[4-(2,3-Diacetoxyprppyloxy)phen3jJ] buty laniidiiio-3^S-.diainino-6- 
chloropyrazinecarboxamide (36). 

l-(3,5-Diamino-6-chloropyrazinoyl-2-methyl-pseudothiourea hydroiodide (0.37g, 0.95 mmol) 
was added to a solution of 35 (0.27 g, 0.7 mmol) in a mixture of THF (40 mL) and 
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diisopropylethylamine (1 mL), The reaction mixture was stirred a^ reflux (66 °C) for 6 h. 
After this time, the solvent was evaporated and the residue was dissolved in MeOH. Silica 
gel (25 mL) was added and the solvent was removed under reduced pressure to adsorb the 
compound onto the silica gel. This silica gel was added to the top of a silica gel column and 
flash chromatography (silica gel, 10:1:0.1 chloroform/methanol/concentrated ammonium 
hydroxide) was performed to obtain crude 36 (128 mg). A second chromatography gave pure 
36 (14 mg, 3.7%) as a yellow powder. 'H NMR (300 MHz, DMSO-rf^) 8 1.56 (m, 4H), 2.05 
(s, 6H), 2.58 (m, 2H), 3.14 (m, 2H), 4.10 (m, 2H), 4.28 (m, 2H), 5.28 (br s, IH), 6.58 (br s, 
2H), 6.82 (m, 2H), 7.10 (m, 2H). APCI MS m/z = 536[C23H3oClN706 + H]^ 

Example 6 

4-[4-(2,2 Dimethyl-[l,3]dioxolan-4 yl)methyIoxyphenyl]butylamidino-3,5-diamino-6- 

chloropyrazinecarboxamide (37) 




37 



4-[4-(2,2 Dimethyl-[1 ,3]dioxolan-4 yl)methyloxyphenyl]butylamidmo-395-diamino-6- 
chloropyrazinecarboxamide (37). 

Compound 33 (150 mg, 0.3 mmol) was suspended in dry acetbne (50 mL) then niethanol was 
added until a clear solution was formed (approx. 15 mL). p-Toluepesulfonic acid 
monohydrate (25 mg) was added along with mblecular sieves (5 A) and the reaction mixture 
was stirred for 48 h at rQOin temperature. After this time, the reaction mixture was filtered, 
silica gel (20 mL) was added and the solvent was removed under reduced pressure. This 
silica gel with the reaction inixture adsorbed was added to the top of a silica gel flash 
chromatography column. Compound 37 (120 mg, 81%) was isolated by flash, 
chromatography (silica gel, 10:1:0.1 chloroform/methanol/concentrated ammoniimi 
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hydroxide) as a. yellow solid. 'hNMR (SdOMHz. DMSO-rf^) 8 1.30 (s, 3H), 1.34 (s, 3H), 
1.52 (br s, 4H), 2.56 (br s. 2H), 3.13 (br s, 2H), 3,71 (m. IH), 3 -92 (m, 2H), 4:08Xm, IH), 
4.45 (m. 1 H), 6.64 (br s, 2H), 6.82 (m,,2H), 7. 12 (m, 2H). APCI MS m/z = 492 
[C22H30CIN7O4 + H]*. ' 

Example 7 

4-[4-(Metliyl-2,3,4-tri-0-acety!-glucopyranonuronate-l-0-yl)phenyl]butylainidino- 
3,5-diamino-6-cliloropyrazinecarboxainide(40) 



O OMe 




OAc 
OAc 



OAc 



H2N N NH2 

40 

2,3y4-Tri-0-acetyl-l-0-[4-(4-benzyIoxycarbonylaininobutyl)phenyl]glucopyranuronic 
1 S acid methyl ester (38). 

2,3,4-Tri-O-acetyl-Of-D-glucuronic acid methyl ester trichloroimidate (1 .6 g, 3.3 mmol) was 
added under argon to protected aminophenol 29 in dry methylene chloride (40 mL) then the 
solution was cooled to -25 ^C. After stirring for 10 nlin, BF3«OEt2 (0.045 mL, 0.33 mmol) 
was added in melhylen^chloride (5 mL). The reaction mixture was stirred 1.5 h at ^25 ^C, 

20 then aftowe^ to warrn up to tIO ^ and stirring was continued T h at that temperature. After 
this time, the temperature was increased to 25 ^'C and the reaction mixture was stirred for 1 h 
then quenched with saturated ammonium chloride (25 mL). The mixture ^yas extracted with . 
methylene dhloride thenlhe organic fraction was washed with water and dried over sodium 
sulfate. The solvent was evaporated and the residue was purified by flash chromatography 

25 (silica gel, 1 :2 ethyl acetate/hexanes) to provide 38 (1.5 g, 72%) as a white solid. 'H NMR 
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(300 MHz, DMSO-^/tf) 5 1 .41 (m, 2H), 1 .51 (m, 2ii), 1 .99-2.02 (m, 9H), 2.54 (m, 2H), 3,00 
(m,2H), 3.63 (s, 3H), 4.69 (m, IH), 4.99 (s, 2H), 5.04-5.10 (m. 2H), 5.46 (m, IH), 5.60 (m, 
IH), 6.88 (d, 2H), 7 12 (d, 2H), 7.27 (m, IH), 7.33 (s, 5H). APCI MS m/z = 616 

[C3|H37NO,2 + Hf. ' • 

2^,4-Tri-0-acetyl-l-0-[4-(4-aminobutyl)phenyl]glucopyranuronic acid methyl ester 
(39). 

Glucuronide 38 (1.5 g, 2.4 mmol) was dissolved in dry methanol (100 mL) and Pd/C (0.62 g, 
5%) was added. The reaction mixture was stirred under hydrogen (1 atm) for 2.5 h at room 
temperature. After this time, the solution was passed through a pad of silica gel and the 
solvent was evaporated under reduced pressure to give amine 39 (0.94 g, 84%). 'H NMR 
(300 MHz, CDCI3) 6 1.46 (m, 2H), 1.60 (m, 2H), 2.08 (m, 9H), 2.58 (m, 2H), 2.72 (m, 2H), 
3.63 (s, 3H), 4.14 (m, IH), 5.10 (m, IH), 5.34 (m, 3H), 6.90 (d, 2H), 7.12 (d, 2H). 

4-[4.(Methyl 2,3,4-tri-0-acetyI-glucopyranonuronate-l-0-yl)phenyl]butylamidino-3,5- 
diamino-6-chloropyrazinecarboxainide(40). 

l-(3,5-Diamino-6-chloropyrazinoyl-2-methyl-pseudothiourea hydroiodide (0.30 g, 0.8 mmol) 
was added to a solution of 39 (0.4 g, 0.8 mmol) in a mixture of THF (40 mL) and 
diisopropylethylamine (3 mL). The reaction mixture was stirred at reflux (66 **C) for 2 h. 
After this time, the solvent was evaporated and the residue was suspended in THF. Silica gel 
(15 mL) was added and the solvent was removed under reduced pressure. This silica gel was 
transferred onto the top of a silica gel chromatography column. The target compound 40 
(0.32 g, 48%) was purified by flash chromatography (silica gel, 12:1:0.1 
chloroform/ethanol/concentrated ammonium hydroxide) and isolated as a yellow powder. ^H 
NMR (300 MHz, CDCI3) 6 1.61 (br s, 4H), 2.05 (s, 9H). 2.55 (m, 29), 3.49 Xbr s. 2H).. 3.71 
(m, 3H), 4j22 (m, IH), 5.12 <m, IH), 5.34 (m, 311), 6.88 (m, 2H), 7 04 (d. 2H). APCI MiS 
m/2-694[Q9H36ClN7.0n+.Hf. ■ . 
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Example 8 



4-[4-(5-Carboxy-gIucopyranonur6ttate-i-0-yI)-phenyI]butyIami 

chloropyrazinecarboxamide (41) 



5 




O 



NH 
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N 



NH2 



41 



4-[4-(S-Carboxy-2,3,4-tri-0-acetyl-glucopyranonuronate-l-0-yl)phenyl]butylamidino- 
10 3,5-diainino-6-cbloropyrazinecarboxainide (41). 

Compound 40 (0.31 g, 0.44 mmol) was added to mixture of THF/water (1:1, 40 mL) and the 
resulting cloudy solution was cooled to -10 °C. A solution of NaOH in water (4 mL of 1 .24 
N solution) was added and stirring was continued at 10 °C for 1 .5 h. After this time, the 
reaction mixture was allowed to warm up to room temperature and the THF was removed 
15 under reduced pressure. The pH of the remaining solution was adjusted to 6 by drop wise 

addition of IN HCl. The formed precipitate was collected by centrifugation and washed with 



cold water (3 x20 mL). Compound 41 (O.lS.g, 75%) was isolated as a yellow powder after 
drying under vacuum for 48 h. 'H NMR (300 MHz, DMSO-^tf) 6 1.56 (br s, 4H), 2.56 (m, 
2H), 3.19 (m:2H), 3.15 -3.40 (br s., IH), 3.25 (m, 2H), 3.57 (m, IH), 4.87 (m, IH), 5.10- 



20 5.40 (br d, IH), 6.89 (m, 2H), 7.06 (m, 2H). APCI MS m/z = 554 [C29H36CIN7O1 , + H]"^. 
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4-[4-(5-Carboxy-gIucopyrandnuronate-l-d-yI) 
phenyl]butylamidino-3,5-diaminp-6-chloropyrazinecarboxamide trifluoroacetate (42) 




42 



4-Methylphenylsulfonic acid 4-(4-methoxyphenyl)butyl ester (1). 

Pyridine (15 mL) was added drop wise to a cooled (0 **C) solution of 4-(4- 
methoxyphenyl)butanol (10.0 g, 0.055 mol) and p-toluenesulfonyl chloride (13.6 g, 0.072 
mol) in dry chloroform (100 mL) under stirring. The reaction mixture was stirred overnight 
at room temperature. After this time, the reaction was quenched with 10% HCl (300 mL) and 
extracted with chloroform. The organic fraction was washed with saturated NaHCOa, water 
and dried over magnesium sulfate. The solvent was removed under reduced pressure and the 
residue purified by flash chromatography (eluent: hexane/ ethyl acetate 15:1) to provide 12.9 
g (66%) of 1 as clear oil. NMR (360 MHz, CDCI3) 8 1.61 (m, 4H), 2.44 (s, 3H), 2.52 (m, 
2H), 3.78 (s, 3H), 4.05 (m, 2H), 6.77 (d, 2H), 7,05 (d, 2H), 7:34 (d, 2H), 7.78 (d, 2H). 

4-(4-Methoxyphenyl)butylazide (2). 

Sodium azide (3.07 g,« 0.047 mol) was addied to a solution of 1 (12,9 g, 0.04 mol) in 
anhydrous DMF (70 mL) and the reaction mixture was stirred 12 h at 80 °C (oil bath). Then 
* solvent was removed at reduced pressure and the residual oil was treated with a mixture of. 
CHaCU/ether 3: 1 (100 mL). The resulting solution was washed with water (2 xlOO mL), 
brine and dried over magnesium sulfate. The solvent was removed under reduced pressure 
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and 7.6 g (95%) of 2 was obtained. The purity of 2 (99%) was deteraiined by GC and TLC 
(eluciit: hexane/ ethyl acetate 1;1), Rf= 0.84. 

4H4-McthoxyphenyI)butyIamine (3). Typical procedure A 
5 Lithnim aluminum hydride (LAH) (55 mL of a 1.0 M solution in THF, 0.055 mol) was added 
«e to a solution of 2 (7.6 g, 0.037 mol) in dry THF (70 mL) at 0 ^C. The mixture was 
:*vemight at room temperature in an argon atmosphere then the mixture was treated 

w^- «^ater (1.5 mL), then 15% NaOH (1.5 mL), then with more water (3 mL) and filtered. 

-Ini precipitate was washed with THF. The combined organic fractions were dried over 
%iaim sulfate and the solvent was removed under reduced pressure to give 6.2 g (94%) 
r*ie purity of 3 (99%) was detemiined by GC. 'h NMR (360 MHz, DMSO-dtf) 8 1 .34 

(m iH), 1.54 (m, 2H), 2.51 (m, 4H), 3.70 (s, 3H), 6.83 (d, 2H), 7.08 (d, 2H). ^^C (90 MHz, 

DMSO-rf^) 6 28.6, 330, 34.1, 41.5, 54.8, 113.1, 129.1, 132.2, 157.3 

I S 4*(4-|lydroxyphenyl)butylamine hydrobromide (4). Typical procedure B 

Amine 3 (2.32 g, 0.012 mol) was stirred in boiling 48% HBr (50 mL) for 3 h. After the 
reaction was completed, argon was bubbled through the solution and the solvent was 
evaporated under reduced pressure. The solid residue was dried above KOH to provide 3.1 g 
(90%) of 4. APCI MS m/z = 166[CioH,5NO +Hr 

20 

4-(4-Hydroxyphenyl)butylamidino-395-diamino-6-chloropyrazinecarboxamide 
hydrochloride (5). 

l-(3,5-Diamino-6-chloropyrazinoyl-2-methyUpseudothiourea hydroiodide (0.4 g, 1.03 mmol) 
was added to a suspension of 4-(4-hydroxyphenyl)butylamine hydrobromide (4) (0.8 g, 32 

25 mmol) in a mixture of THF (35 mL) and triethylamine (3 mL). The reaction mixture was 
stirred in the boiling solvent for 3h, then the supernatant was separated and the solvent was 
removed under reduced pressure. The oily residue was washed with water (2x 30 mL), ether 
(3x30 mL) and then 10% HCl (40 mL) was added. The mixture was vigorously stirred for 10 
min then the yellow solid was fiUereii i3ff, dried and recrystallized twice from ethanol to give 

30 5 (0:18 g, 41%) as yellow solid. Purity is 98% by HPLC, retention time is 9.77 min. ^H 
NMR (300 MHz, DMSO-t/d) 6 1 .56 (br s, 4H), 2.48 (br s, 2H), 3.35 (m, 2H), 6.65 (d, 2H), 
6.95 (d, 2H), 7.50 0)r s, 2H), 8.75 (br s, IH), 9.05 (br s, IH), 9.33 (br s, 2H), 10.55 (s, IH). 
'^C NMR (75 MHz, CD3OD) 28.7, 29.8, 35.4. 42.4, 1 1 1.2, 116.1, 122.0, 130.0, 134.0, 155.0, 



51 



wo 03/070182 PCT/US03/04817 
156.1, 156.8, 157.5, 167.0. APCI MS m/z - 378 [C16H20CIN7O2 + HJ^ 

4-[4-(5-Carboxy-gIucopyranonuronate-l-0-yl)phenyllbutyIamidino-3,S^ 
chloropyraizinecarboxamide trifluoroacetate (42). 

Compound 5 (29 mg, 0.07 mmol) was dissolved in DMF (2 mL). A 100 mM TRIS buffer 
solution, pH 7.5, containing 10 mM MgCh, 1.0 mM dithiothreitol, 10 mM saccharolactone, 
and 2 mM CMP (cytidine-mono-phosphate) was made. 176 mg of UDP-GA (uridine-di- 
phospho-glucuronic acid) was dissolved in the buffer solution (30 mL) and added to 600 mg 
of bovine liver microsomes (produced at AMRI Biocatalysis Division) in a 50 mL widemouth 
jar. The DMF solution of 5 was added to initiate the reaction. The reaction was run at room 
temperature with periodic shaking by hand and was stopped by the addition of an equal 
volume of MeCN after 42 h. The reaction solution was divided into two (50 mL) centrifuge 
tubes and centrifuged to remove the enzyme. The precipitated enzyme was re-suspended in 
MeCN (40 mL) and centrifuged again. This enzyme wash was repeated 3 times imtil the 
LC/MS analysis showed only trace amounts of remaining product. The supematants were 
combined and the aqueous MeCN was removed under vacuum at 30 ""C. The resulting syrup 
was thinned by the addition of MeCN and further dried under vacuum overnight. After 
drying, the syrup was purified by RP-HPLC (Luna C18 (2) 250x21 .2mm, 5 fim) with a 
water/acetonitrile (both containing 0.1% TFA) gradient. The appropriate fractions were 
combined and dried under vacuum to yield 42 (14.8 mg , 28.2%) with 98.4% purity (by 
HPLC analysis) as a white solid. APCI MS m/z = 554 [C29H36CIN7O1 1 + H]"" , m/z = 
552[C29H36ClN70n -H]-. 
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Example IQ 

4.[4.(1^4.Dioxapent-l-yl) phenyl] butylamidino-3,5-diainino-6- 
chloropyrazinecarboxaihide hydrochloride (66) 




66 



N-Cbz-4-[4-(l,4-dioxapent-l-yl)phenyllbutylamine(64). 

To a vigorously stirred solution of 29 (4 g, 0.013 mol) in anhydrous THF (150 mL) under 
nitrogen at 0 °C was added sodium hydride (60% dispersion in mineral oil, 0.64 g, 0.016 
mol). The mixture was stirred for 15 min then tetrabutylammonium iodide (0.5 g, 0.0013 
mol) and 2-bromoethyl methyl ether (2.04 g, 0.015 mol) were added and the mixture was 
stirred at room temperature ovemight. The solvent was removed under reduced pressure and 
the material was purified by column chromatography (silica gel, 10: 1 methylene 
chloride/ethyl acetate) to provide 64 (3.1 g, 64%). 'H NMR (300 MHz, CDCI3) S 1.60 (m, 
4H), 2.59 (m, 2H), 3.23 (m, 2H), 3.45 (s, 3H), 3.77 (m, 2H), 4.10 (m, 2H), 5.13 (s, 2H), 6.88 
(d, 2H), 7.08 (d, 2H), 7.47 (s, 5H). 

4-(l,4-Dioxapent-l-yl)phenylbutylamme (65). 

To a solution of 64 (2.27 g, 6.4 mmol) in ethanol (60 mL) with acetic acid (1 wt.%) was 
added Pd/C catalyst (300 mg,IO% wet) then the mixture was shaken for 1 8 h at 30 psi of 
hydrojgen in a Parr hydrogenator. The pressure was released and the catalyst was filtered off 
through a pad of silica gel. The solvent was removed at reduced pressure to provide 65 (1 .3 
g, 92%). NMR (300 MHz, CDCI3) 6 1.60 (br s, 4H), 2.00 (s, 2H) 2.55 (br s, 2H), 2.85 (br 
s, 2H), 3.47 (s, 3H), 3.73 (m, 2H), 4. 10 (m, 2H), 6.82 (d, 2H), 7.08 (d, 2H). 
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/t-[4-(l,4-bioxapent-iryI) phenyl] butylaiiiidmo-3,5-diainino-6- 
chloropyrazinecarbof amide hydrochloride (66). . ^ 

l-(3,5-Diamino-6-chloropyrazinoyl-2-methyl-pseudotWoure^^ hycjroiodide (0,3 g, 0.77 mmol) 
was added to an anhydrous THF solution (20mL) of 65 (0.48 g, 2.3 mmol). The reaction 
mixture was stirred at reflux for 1 1 h then the solvent was evaporated. The residue was 
purified on a Biotage system (silica gel, 10:1:0.1 chloroform/methanol/concentrated 
anmionium hydroxide). The appropriate fractions were collected, the solvent was evaporated 
and the residue was treated with 3% HCl. The yellow precipitate that formed was separated 
and washed with ethyl acetate, water and dried to provide 66 (160 mg, 34%) as a yellow 
soHd. 'H NMR (300 MHz, DMSO-rf^) 5 1.57 (br s, 4H), 2.52 (m, 4H), 3.30 (s, 3H), 3.63 (m, 
2H), 4.03 (m, 2H) 6.85 (d, 2H), 7.12 (d, 2H), 7.46 (br s, 2H), 8.00 (br s, IH), 8.85 (br s, IH), 
8.99 (br s, IH), 9.32 (br s, IH), 10.03 (s, IH), APCI MS m/z 436 [Ci9H26ClN703+Hf . 

Example 1 1 

4-(4-Hydroxymethylphenyl)butylamidino-3,5-diamino-6- 
chloropyrazinecarboxamide hydrochloride (68) 




68 



4*(4-Hydroxymethylphenyl)butyl amine (67). ^ 

Lithium aluminum hydride (35 m^, of a 1 .0 M solution in THF, 0,035 mol) was added drop 
wise to a vigorously stirred solution of 4-(4-carboxymethylphenyl)butylazide 8 (2.4 g, 0.010 
mol) in dry THF (120 mL) at O^C and stirred overnight at room temperature imder a nitrogen 
atmosphere. To break up the complex water (1,5 niL), 15% NaOH (1,5 ntL) and. water (4.5 
mL) were added drop wise to the cold reaction mixture. The white solid precipitate was 
filtered off and washed with THF. All organics phases were combined and evaporated. The 
material was purified by column chromatography (silica gel, 2: 1 :0.05 
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chloroform/ethanbl/concentrat^ ammonium hydroxide) to provide 67 (1 .17 g, 64%) as a 
white solid. 'H NMR (300 MHz, CDCI3) 8 L15 (br s, 2H), 1.54 (br s, 2H) 1.70 (br s, 2H), 
2.60 (m, 4H), 3.77 (s, IH), 4.67 (s, 2H), 7.47 (s, 2H), 7.60 (s, 2H). - 

4-(4-Hydroxymethylphenyl)butylamidino-3,S-diainino-6-chioropyrazinecarboxamide 
hydrochloride (68). 

l-(3,5-Diamino-6-chloropyrazinoyl-2-methyl-pseudothiourea hydroiodide (0.2 g, 0.52 mmol) 
was added to an anhydrous THF suspension (20mL) of 67 (0.37 g, 2.06 mmol). The reaction 
mixture was stirred at reflux for 3 h then the solvent was evaporated. The residue was 
washed with ethyl acetate (3x15 mL), dried and treated with 3% HCl (15 mL). The yellow 
solid that formed was filtered, washed with water (2x10 mL) and dried to provide 68 (216 
mg, 98%). NMR (300 MHz, DMSO-rfd) 5 1.57 (br s, 4H), 2.62 (m, 2H), 3.35 (m, 2H), 
3.73 (br s, 4H), 4.45 (s, 2H), 7.12 (d, 2H), 7.24 (d, 2H), 8.85 (br s, IH), 9.98 (br s, IH), 9.32 
(br s, IH), 10.55 (s, IH). APCI MS m/z 392 [Ci7H22ClN703+H]''. 

Example 12 

4-{4-[(2R)-2,3-Dihydroxypropyloxy] phenyl] }butylainidino-3,5-diamino-6- 
chloropyrazinecarboxamide hydrochloride (71) 



OH 




• 71 



N-Cbz-4-{[(2jR)-2,3-difiydroxypropyloxy]pheiiyl}butylaniine (69). 

To cold (0 °C) //-Cbz-4-(4r-allyloxypheflyl)butylamine 30 (1.94 g, 5.7 mmol) under a rdtrdgeii 
atmosphere was added cold (O'^G) Ap-Mix-a(12 g) in tert-hutahdl (100 riiL) and water (100 
mL). The mixture was allowed to warm to room temperature overnight. The mixture was 
then quenched with saturated sodium sulfite (200 mL), extracted with ethyl acetate (3 x 100 
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mL), dried (Na2S04) and concentrated to give 69 (2 g, 95%) as a beige solid. . 'H NMR (300 
MHz, DMSO) 6 1 .40 (m, 2H), f .54 (m, 2H) 2.55 (br s, 2H), 3.00 (m, 2H). 3.4^ (s, 2H), 3.78 
(m, 2H), 3.94 (m. IH), 4.68 (bV s. IH), 4.93 (s, IH), 5.00 (s, 2H), 6.83 (d, 2H). 7.08 (d, 2H), 
7.30 (br s, IH), 7.35 (s,5H). . - 

5 

4-{[(2i?)-2,3-dihydroxypropyloxy]pbenyl}butylaniine (70). 

To a vigorously stirred solution of 69 (2 g, 5.4 mmol) in methanol (60 mL) under nitrogen 
was added Pd/C (10% wet, 0.5 g). The mixture was stirred 2 h at room temperature under an 
atmosphere of hydrogen then the pressure was released and the mixture was filtered through a 
10 pad of silica gel. The solvent was removed and the residue was purified by column 

chromatography (silica gel, 2:1 :0.2 chloroform/ethanol/concentrated ammonium hydroxide) 
to provide 70 (1.18 g, 92%) as a white solid. 'H NMR (300 MHz, DMSO-Jtf) 6 1.32 (m, 2H), 
1.54 (m, 2H), 2.55 (m, 2H), 3.45 (m, 2H), 3.82 (m, 3H), 3.94 (m, 2H), 6.83 (d, 2H), 7.08 (d, 
2H). 

15 

4-{4-[(2J?)-2^-Dihydroxypropyloxy]phenyl]}butylainidino-3,5-diamino-6- 
chloropyrazinecarboxamlde hydrochloride (71). 

l-(3,5-Diamino-6-chloropyrazinoyl-2-methyl-pseudothioxu'eahydroiodide (0.4 g, 1.03 mmol) 
was added to an anhydrous THF suspension (50mL) of 70 (0.49 g, 2.00 mmol). The reaction 
20 mixture was stirred at reflux for 5 h then the mixture was cooled and the precipitate that 

formed was collected and washed with 3% HCl (2x5 mL) then dried to provide 71 (290 mg, 
58%) as a yellow solid. 'H NMR (300 MHz, DMSO-de) 6 1.57 (s, 4H), 2.55 (d, 2H), 3.35 (d, 
2H), 3.90 (m, 5H), 6.82 (d, 2H), 7.10 (d, 2H). 7.47 (br s, 2H), 8.75 (br s, IH), 8.90 (br s, IH), 
10.5 (s, IH). APCIMS m/z 452 [Ci9H26ClN704+Hf . 

25 
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4-{4-[(2S)-2,3-Dihydroxypr6pyloxyl]phenyl]}butylamidino-3,5-diainino-6- 
chloropyrazinecarboxamide hydrochloride (74) 



OH 




74 



iV-Clbz-4-{[(2iS)-2,3-dihydroxypropyloxy]phenyl}butylainine(72). 

To cold (0 ®C) 7V-Cbz-4-(4-allyloxyphenyl)butylamine 30 (1.53 g, 4.5 mmol) under a nitrogen 
atn-iosphere was added cold (0°C) AD-Mix-jS (9.2 g ) in /er/-butanol (100 mL) and water (100 
mL). The mixture was allowed to warm to room temperature overnight. The mixture was 
quenched with saturated sodium sulfite (200 mL), extracted with ethyl acetate (3 x 100 mL), 
dried (Na2S04) and concentrated to provide 72 (1.67 g, 99%) as a beige solid. NMR (300 
MHz, CDCI3) 6 1.54 (m, 4H) 2.55 (br s, 2H), 3.18 (m, 2H), 3.70 (s, 3H), 4.02 (d, 2H), 4.10 
(m, IH), 4.73 (br s, IH), 5.08 (s, 2H), 6.83 (d, 2H), 7.08 (d, 2H), 7.38 (s, IH), 7.35 (s, 5H). 

4-{[(2AS)-2,3-dihydroxypropyloxy]phenyl}butylamine (73). 

Compound 73 was prepared in a similar fashion to the synthesis of compound 70 starting 
from compound 72 (1.67 g, 4.5 mmol). Amine 73 (1.06 g, 99%) was isolated as a white 
solid. NMR (300 MHz, DMSO-f/5) 8 1 .32 (m, 2H), 1 .54 (m, 2H), 2.55 (m, 2H), 3.45 (m, 
2H), 3.75 (m, 3H), 3.94 (m, 2H), 6.83 (d, 2H), 7.08 (d, 2H). ' 

4-{4-[(2i^-2,3-Dihydroxypropyloxy]phenyl]}butylainidinio-3,5-diainilio-6-' 
chloropyrazinecarboxamide hydrochloride (74). 

Compound 74 was prepared in a similar fashion to the synthesis of compound 71 starting 
from compound 73 (0.74 g, 3.09 mmol). Compound 74 (0.38 g, 76%) was isolated as a 
yellow solid. NMR (300 MHz, DMSO-rf^) 5 1.57 (s, 4H), 2.55 (d, 2H), 3.35 (d, 2H), 3.85 
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(m, 5H), 6.82 (d, 2H), 7:10 (d, 2H), 7.4? (br s, 2H), 8.75 (br s, IH), 8.90 (br s, IH), 10.5 (s, 
IH): APCI MS m/z 452 [C19H26CIN7Q 

Example 14 . . / 

4-(4-Aminophenyl)ethyIainidino-3,5-diainino-6-cliloropyrazinecarboxamide 

hydrochloride (83) 




HCl 



83 



4-(4-Aininophenyl)ethylainidino-395-diainino-6-chloropyrazinecarboxamide 
hydrochloride (83). 

A mixture of 1-H -pyrazolecarboxamidine hydrochloride (2.8 g, 19 mmol), 4- 
aminoethylaniline (1.3 mL, 9 mmol) and diisopropylethylamine (1.3 ml) were stirred in dry 
DMF (5 mL) under argon for 18 h. After this time, ether (30 ml) was added to produce a 
clear oil. The obtained oil (82) was washed with ether and dried under vacuum (40 mTorr) 
overnight. After drying 70 mg of oil was taken into dry methanol (3 mL) and 25% NaOH 
(0.14 mL) was added. The reaction volume was decreased to 1.0 mL and 3,5-diamino-6- 
chloropyrazine-2 carboxylic acid methyl ester (0.1 g, 0.5 mmol) was added. The mixture was 
stirred at room temperature overnight. Another portion of 82 (0.1 g) was dissolved in 
methanol (1 mL), treated with 25% NaOH (0. 1 5 mL) and the resulting solution was added to 
the reaction mixture. The reaction mixture was stirred 3 h at reflux, then cooled to room 
temperature and the solvent was removed under reduced pressure. The residue was dissolved 
in a minimal volume of DMF and separated by preparative HPLC. The obtained fractions 
were analyzed by LC/MS, The fractions containing produQt with M+H = 349 were collected 
and the solvent was removed under reduced pressurb. The residue was dissolved in 10% HiCl 
and evaporated to dryness to produce 83 (23.5 mg, 11%) as a yellow solid. 'H NMR {360 
MHz, DMSO-^/tf) 8 2.91 (m, 2H), 3.59 (m, 2H), 7.31 (d, 2H), 7.42 (m, 4H), 9.02 (br s., 2H), 
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9.41 (br s., IH), 10.56 (s, IH). NMR (90 MHz, , DMSO-rftf) 33.1, 42.0, 108.9* 1 19.6, 
120.7, 129.9 (2C), 131.0 (2C), 153.1, 154.1, 155.8, 165.2. API MS m/z = 349 [CuHnClNgO ' 

+Hr. . • ' . 

Preparative HPLC was performed on a Gilson Combichem using a Luna CI 8(2) column, 5^, 
5 250 X 21.2mm; Flow rate = 20 mL/min; Mobile phase consists of MeCN/water containing 
0.1% TFA; Gradient : 10% MeCN from the 0-2 min interval, concentration of MeCN 
increased from 10 to 40% from 2-10 min, 40 tolOO% MeCN froni 10-19 min, 100% MeCN 
from 19-23 min, MeCN decreased from 100 to 10% from 23-25 min. 

10 Example 15 



4-[4-(l,4,7-Trioxaoct-l-yl)phenyl]-butylamidino-3,5-diamino-6- 
chloropyrazinecarboxamide 
hydrochloride (108). 




H2N N NH2 • HCl 

108 



4«[4-(l,4,7-Trioxaoct-l-yl)phenyI]-iV-benzyloxycarbonylbutylamine (106). 

20 4-(4-Hydroxyphenyl)-N-benzyloxycarbonylbutylamine (29) (1.0 g, 3.3 mmol), l-bromo-2-(2- 
methoxyethoxy)ethane (0.67 g, 3.7 nmiol), and potassium carbonate (6.60 g, 4.3 mmol) were 
combined in acetone (20 mL), and stirred at reflux overnight. The reaction was allowed to 
cool, and then filtered and evaporated. The residue was re-subjected in methyl, ethyl ketone 
(10 mL), l-bromo-2-(2-methoxyethoxy)ethane (0.91 g, 5.0 mmol), potassium carbonate (0.74 

25 g, 5.3 mmol), and sodium iodide (0.5 g, 3.3 mmol) with stirring at reflux for 2.5 h. The 

reaction was allowed to cool, and was filtered and evaporated. The residue was re-subj^cted 
in DMF (10 mL), with Ubromo-2-(i2-methoxyethoxy)ethane (1.8 g, 9.8 mmol), potassium 
carbonate (1 .60 g, 1 1.6 mmol), and sodium iodide (0.4 g, 2.7 mmol), overnight with stirring 
at 70 ^C. The reaction was evaporated to remove the solvent and then was dissolved in ethyl 
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acetate (70 mL). The orgistnic'extraict was washed with water (3 x 20 tnL), dried over . 
potassium cait>onate attd filtered. Evaporation afforded 11 g oT ah oil which was piirified by 
column chromatography (silica gel, 2:1 hexanes/ethyl acetate) to afford 800 mg (70%) of pure 
product 106. *H NMR (300 MHz, CDCI3) 6 1.42 - 1.68 (m, 4H), 2.55 (t, J = 7.5 Hz, 2H),, 
3.20 (q, J = 6.2 Hz, 2H), 3.39 (s, 3H), 3.55-3.60 (m, 2H), 3.69 - 3.74 (m, 2H), 3.82-3.87 (m, 
2H), 4.1 1 (t, 5.3 Hz, 2H), 4.71 (br s, IH), 5.09 (s, 2H), 6.82 (d, J - 8.5 Hz, 2H), 7.05 (d, J = 
8.5 Hz, 2H), 7.34 (s, 5H). CI MS m/z = 402 [C23H31NO5 + H]". 

4-[4-(l,4,7-Trioxaoct-l-yl)phenyl]butylamine (107). 

Compound 106 (800 mg, 2.0 mmol) in ethanol (20 mL), was subjected to 1 atmosphere of H2 
in the presence of 10% palladium on carbon (100 mg, cat.) with stirring for 5 h. After 
standing overnight, the reaction was purged with N2 then suction filtered through celite and 
washed off the celite with methylene chloride. The solvents were evaporated and 
chromatographed (silica gel, 200:10:1 methylene chloride/methanol/concentrated anmionium 
hydroxide) to afford 530 mg (>99%) of amine 107. "H NMR (300 MHz, CDCI3) 6 1.31 (br s, 
2H), 1.41-1.52 (m, 2H), 1.55-1.67 (m, 2H), 2.56 (t, J = 7.7 Hz, 2H), 2.70 (t, J = 7.0 Hz, 2H), 
3.39 (s, 3H), 3.58 (m, 2H), 3.72 (m, 2H), 3.84 (t, J = 4.9 Hz, 2H), 4.12 (t, J = 5.3 Hz, 2H), 
6.83 (d, J = 8.7 Hz, 2H), 7.07(d, J = 8.7 Hz, 2H). CI MS m/z = 268 [C15H25NO3 + H]^ 

4-[4-(l,4,7-Trioxaoct-l-yl)phenyl]-butylamidino-3,5-diamino-6- 
chloropyrazinecarboxamide hydrochloride (108). 

Amine 107 (200 mg, 0.75 mmol), l-(3,5-Diamino-6-chloropyrazinoyl-2-methyl- 
pseudothiourea hydroiodide (296 mg, 0.76 mmol) and triethylamine (0.52 mL, 3.73 mmol) 
were combined in THF (5 mL) and stirred at reflux under N2 for 1 .5 h. After stirring at room 
temperature for two days, the reaction was evaporated. The residue was chromatographed 
(silica gel, 400: 10:1^ to 2t)0:i0:l gradient elution, methylene chloride/methanol/concentrated 
ammdniUm hydroxide) to afford ttie free base of the product (290 mg). This'material was 
stirred in methanol (20 mLyat 0 °C then IM HCl (3 mJL) was added. The solution was 
evaporated with no heatinjg and then co-evaporated with methanol. The residue was 
dissolved in methanol and then precipit^ed by the addition of ethyl acetate. This precipitate 
was centiifugeid and the supernatant was decanted. The g6l like jpellet was evaporated, co- 
evaporated with water (2 mL) and then placed on high vacuum overnight. This afforded 129 
mg (42%) of compound 108 as a yellow solid. 'H NMR (300 MHz, DMSO-rfd) 5 1.58 (m. 
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4H), 2.58 (br s, 2H), 3.25 (s, 3H), 3.33 (m, 2H), 3.45 (m, 2H), 3.58 (m, 2H), 3.72 (m, 2H), 
3.04 (m, 2H), 4.92 (br s, 4H), 6.85 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 8.10 io 7 26 . ^ 
(br m, 3H), 8.94 (br d, 2H), 9.32 (br s, IH), M.P.=110-i25 ^C, APCI MS m/z = 480 
[C2rH3oClN704 + Hr. ' 

Example 16 

4-[4-(l,4,74043-pentoxatetradec-l-yl)phenyl]-butylainidino-3,S-diainino-6- 
chloropyrazinecarboxamide hydrochloride (112). 




112 



O-Tosyltetraethyleneglycol methyl ether (109). 

Tetraethyleneglycol monomethyl ether (2.0 g, 9.6 mmol) was combined with pyridine (0.93 
mL, 1 1.5 mmol) in methylene chloride (20 mL) at 0 **C. p-Toluenesulfonyl chloride (2.2 g, 
11 .5 mmol) dissolved in methylene chloride (10 mL) was added dropwise and the reaction 
was allowed to warm to room temperature as the ice bath thawed. After stirring nine days, 
the product mixture was transferred to a separatory ftinnel with water (70 mL). The layers 
were separated and the aqueous layer was extracted with methylene chloride (3 x 20 mL). The 
extracts were combined and evaporated. The residue (3.3 g) was chromatographed (silica gel, 
4: 1 to 3; 1 gradient elution, methylene chloride/ethyl acetate) to afford 2.5 g (70%) of 
compound 109^ an oil. ^H NMR (30d iVlHz, DMSO-</d) 5 1.56 (br s, 4H), 2.42 (br s, 2H), 

3.34 (br s, 4H), 6,05 (s, 3H), 7.09 (s, 0.5H), 7.26 (s, 0.5H), 7.42 (br s, 2H), 7,70 (br s, 2H), 

*' * .. 1*'.-** 

8.87 (br d, 2H), 9,07 (s, 2H), 9.22 (br s, \H), 10^5 1 (s, IH). CI WLS m/z = 363 [C,6H2607S + 
H]^ ' • • . . . 

4-[4-(l,4,740,13-pentbxatetradec-l-yl)phenyl]-N-benzyIoxycarboriylbutylam 
4-(4-Hydroxyphenyl)-N-benzyloxycarbonylbutylamine (29) (0.30 g, 1.0 mmol), O- 
tosyltetraethyleneglycol methyl ether (109) (1.45 g, 4.0 mmol), potassium carbonate (0.69 g. 
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5 mmol) and spdiutn iodide (0.6 g, 4.0 miiiol) were combined in DMF (5 mL) and stirred at 
55 °C overnight. Cesium carbonate (0.33 g, 1.0 ihmol) vvas added and the reactioh was 
stirred at 70 °C overnight. The mixture was allo\yed to cool and was then partitioned 
between 1:1 toluene/ethyl acetate (70 mL) and water (26mL). The layers were separated and 
the organic layer was washed with water (4x10 mL), brine (2x 30 mL), dried over sodium 
sulfate and evaporated. Chromatography (silica gel, 3:1 methylene chloride/ethyl acetate) 
afforded 400 mg (81%) of compound 110. NMR (300 MHz, CDCI3) 6 1.44 - 1.67 (m, 
4H), 2.55 (t, J = 7.7 Hz, 2H), 3.20 (q, J = 6.0 Hz, 2H), 3.37 (s, 3H), 3.54 (m, 2H), 3.61 - 3.75 
(m, lOH), 3.84 (t, J = 4.9 Hz, 2H), 4.10 (t, 5.5 Hz, 2H). 4.71 (br. s, IH), 5.09 (s, 2H), 6.82 (d, 
J = 8.5 Hz, 2H), 7.05 (d, J = 8.6 Hz, 2H), 7.34 (s, 5H). 

4- [4-(l ,4,7,1 0, 1 3-pentoxatetr adec-1 -yl)phenyl] buty lamine (1 1 1), 

This compound was prepared in a similar fashion to the synthesis of amine 107 from 
compound 110 (385 mg, 0.78 mmol) to give 266 mg (95%) of compound 111. *H NMR (300 
MHz, CDCI3) 5 1.41 . 1.54 (m, 2H), 1.60 (br. s, 2H), 2.56 (t, J - 7.5 Hz, 2H), 2.70 (t, J = 7.0 
Hz, 2H), 3.37 (s, 3H), 3.51-3.58 (m, 2H), 3.60 - 3.77 (m, lOH), 3.84 (m, 2H), 4.10 (t, 5.5 Hz, 
2H), 6.83 (d, J = 8.3 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H). 

4-[4-(l,4,7,10,13-pentoxatetradec-l-yl)phenyl]butylamidino-3,5-diamino-6- 
chloropyrazinecarboxamide hydrochloride (112). 

This compound was prepared in a similar fashion to the synthesis of compound 108 from 
compound 111 (250 mg, 0.70 mmol) and l-(3,5-diamino-6-chloropyrazinoyl-2-methyl- 
pseudothiourea hydroiodide (200 mg, 0.51 mmol) to give 130 mg (46%) of compound 112, 
*H NMR (300 MHz, DMSO-rf^) 6 1.57 (br s, 4H), 2.55 (br s, 2H), 3.05 to 3.90 (m, 21H), 6.85 
(d, J = 7.6 Hz, 2H^7.12 (d, J = 7.4 Hz. 2m, 7:44 (br s, IH). 8.10 - 7,40 (m, 2H), 8,93 (br d, 
2H)! 9.32 (s, IH), 10.55 (s, IH). APCI M^n/z - 568 [025^38 C^^ 
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Example 17 



4-[4-(2-HydroxyethyIoxy)phenyl)lbutylaiiiidino-3,5-diainino-6- 
chioropyrazinecarboxamide hydrochloride (116). 




OH 



N*i^-|4*(2-hydroxyethyioxy)phenyl]but-3-yn-l-yl}phthalimide (113). 
2-(4-Bromophenoxy)ethanol (3 g, 14.5 mmol), palladium (II) chloride (0.2 g, 1.1 nunol) and 
triphenylphosphine (0.6 g, 2.2 mmol) were dissolved in triethylamine (70 mL) then copper(I) 
iodide (0.45 g, 2.1 mmol) and N-(but-3-yn)phthalimide (3.2 g, 16 mmol) were added. The 
reaction mixture was stirred for 72 h at room temperature and 5 h at 50 °C (oil bath), then the 
solvent was removed under reduced pressure. Ethyl acetate (150 mL) was added to the 
residue and the mixture was washed with 2N HCl, brine and water. The organic fraction was 
isoliated, dried with sodium sulfate and the solvent was removed under reduced pressure. The 
product 113 (1.7 g, 43%) was isolated by flash chromatography (silica gel, 10:1:2 methylene 
chloride/ethyl acetate/hexanes) as a brown oil. 'H NMR (300 MHz, CDCI3) 6 2.80 (m, 2H), 
3.95 (m, 4H), 4.08 (m, 2H), 6.83 (d, 2H), 7.35 (m, 2H), 7.72 (m, 2H), 7.88 (m, 2H). 

N-{4-[4-(2-hydroxyethyloxy)phenyllbutyl}phthalimide (114). 

A solution of 113 (1.7 g, 5.1 mmol) iii 4 mixture of methahol/ethyl acetate (80 and 10 itiL 
correspondingly) was placed in a 0.5 L Parr flask aiid palladivmi on carbon (1 .1 g, 5% wet. 
Pd/C) was added. The reaction mixture was shaken at SO psi of hydrogen pressure at room 
temperature overnight. After this time, the mixture was filtered through a siUca gel pad and 
the solvent was removed at reduced pressure to give crude 114 (1.2 g) as a brown oil^ The 
crude 114 was used in the next step without further purification. 
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4-[4-(2-hydroxyethyIoxy)phenyllbutyI aiiiine(115). 

The crude protected amine 114 (1 .2 g, 35 mfnol) was dissolved in 40 nlL of a 2 N solution of 
methyl amine in dry methanol and the reaction mixture was stirred overnight at room 
temperature. After this time the solvent was removed under reduced pressure and the residue 
was purified by flash chromatography (silica gel, 5 : 1 :0. 1 chloroform/methanol/concentrated 
ammonium hydroxide) to give free amine 115 (0.25 g, 35%) as a clear oil. NMR (300 
MHz, DMSO-^/tf) 8 L58 (m, 4H), 2.55 (m, 2H), 2.73 (m, 2H), 3.83 (m, 2H), 3.97 (m, 2H), 
6.83 (d, 2H), 7.07 (d, 2H), 7.82 (s, IH). 

4-[4-(2-hydroxyethyloxy)phenyl)]butylamidino-3,5-diamino-6- 
chloropyrazinecarboxamide hydrochloride (116). 

l-(3,5-Diamino-6-chloropyrazinoyl-2-methyl-pseudothioureahydroiodide (0.32 g, 0.8 mmol) 
was added to a solution of amine 115 (0.25 g, 1.2 mmol) in a mixture of THF (15mL), 
methanol (5 mL) and diisopropylethylamine (ImL). The reaction mixture was stirred at 
reflux for 3.5 h and then cooled to room temperature. The formed precipitate was isolated, 
washed with ethyl acetate (2x5 mL) and treated with 5% HCl (10 mL). The resulting solid 
was isolated by filtration, washed with water and dried under vacuum to give compound 116 
(0.25 g, 73%) as a yellow solid, NMR (300 MHz, DMSO-rfd) 8 1 .56 (m, 4H), 2.57 (m, 
2H), 3.32 (m, 2H), 3.70 (m, 2H), 3.93 (m, 2H), 4.90 (t, IH), 6.84 (d, 2H), 7.12 (d, 2H), 7.45 
(s, 2H), 8.70 (br s, IH), 8.88 (br s, IH), 9.12 ( br s, IH) 10.45 (s, IH). APCI MS m/z = 422 

[C,8H24C1N703+H]^. 
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Example 18 

4-[4-(2-Hydroxypropyloxy)phenyl)]butylamidin<H3,S-diamino-^ 
chloropyrazinecarboxamide . 
hydrochloride 



OH 




Using general procedure Z, 4-[4-(2-hydroxypropyloxy)phenyl]butyl amine was converted into 
4-[4-(2-hydroxypropyloxy)phenyl)]butylamidino-3,5-diamino-6-chloropyrazinecarboxamide 
hydrochloride, m.p. 212-214'C, APCI MS, M/Z=436 [CigHjeClNTOB+H]'". 

Example 19 

4-[4«(3-Hydroxypropyloxy)phenyl)]butylamidino-3,S-diammo-6- 
chloropyrazinecarboxamide hydrochloride 




Using generaPprocedure Z,*4-[4-(3-hydroxypropyloxy)phe;iyl]butyl amine was converted into' 
4-[4-(3-hydroxypropyloxy)phefiyl)]butylamidinb-3,5-diOTiino-6-chlor6pyrazinec^^ 
hydrochloride, m.p. 21 1-213^C, APCI MS, M/Z=436 [Ci9H26ClN703+H]'^. 
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Example 20 

4-[4-(2-{Tetrahydropyan-2-yI}oxyethyloxy)phenyI)lbutyIamidino-3,5-d 

chloropyrazinecarboxamide 




Using general procedure Z, 4-[4-(2-{tetrahydropyan-2-yl}oxyethyloxy)phenyl]butyl amine 
was converted into 4-[4-(2-{tetrahydropyan-2-yl}oxyethyloxy)phenyl)] butylamidino-3,5- 
diamino-6-chloropyrazinecarboxamide, m.p. 16rc, APCI Mass Spectrum, M/Z=506 

[C23H32C1N704+H].'^ 

Example 21 

4-[3-(2-,3-DihydroxypropyIoxyl)pheDyl)]butylainidino-3,S-diaiiiino-6- 
chloropyrazinecarboxamide hydrochloride 




Using general procedure Z, 4-[3-(2,3-dihydroxypropyloxy)phenyl]butylamine was coiiverteci 
into 4r[3-(2,3-dihydroxypropyloxy)phenyl]butylamidino-3,5-diamin6-6- 
chloropyrazinecarboxamide hydrochloride, m.p. 91-93°C, APCI Mass Spectrum, M/Z=452 
[C19H26CIN7O4+H]*. 
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Example 22 

4-[2-(2-,3-DihydroxypropyIoxy)phenyl)]butylamidino-3,5-diainino-6- 
chloropyrazinecarboxamide hydrochloride 




OH 



Using general procedure Z, 4-[2-(2,3-dihydroxypropyloxy)phenyl]butylamine was converted 
into 4-[2-(2,3-dihydroxypropyIoxy)phenyl]butylamidino-3,5-diamino-6- 
chloropyrazinecarboxamide hydrochloride, m.p. 200-205*C, APCI Mass Spectrum, M/Z=452 

[C19H26C1N704+H]''. 

Example 23 

4-I4-(2,3,4-Trihydroxybutyloxy)phenyI)]butylaiiiidino-3,5-diainino-6- 
chloropyrazinecarboxamide hydrochloride 

OH 




Using general procedure Z, 4-[4(2,3,4-trihydroxybutyloxy)phenyl]butylamine was converted 
into 4-[4-(2,3,4-trihydroxybutyloxy)phenyl]butylamidino-3,5-diamino-6- 
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chloropyrazinTOarboxamide hydrochloride. m.p. 148'C (dec), APCI Mass Spectrum, 
M/Z=482 [C20H28C1N7O5+H].'' 

Example 24 

4-[4-(4-Amino)phenyl)]butylamidino-3,5-diamino-6-chloropyrazinecarboxainide 

hydrochloride 




Using general procedure Z, 4-[(4-amino)phenyl]butylamine was converted into 4-[4-(4- 
amino)phenyl]butylamidino-3,5-diamino-6-chloropyrazinecarboxamide hydrochloride, m.p. 
195-200Xdec), APCI Mass Spectrum, M/Z=377 [Ci6H2iClN804+H^].'^ 

Example 25 

4-[4-(2-aminoethyloxy) phenyl)butylainidmo-3,5-diamino-6-chloropyrazinecarboxamide 

hydrochloride 




Using general procedure Z, 4-[4-(2{t-butoxycarbonylamino}ethyloxy)phenyl]butyl amine was 
converted into 4-[4-(2-{t-butoxycarbonylamino}ethyloxy)phenyl)]butylamidino-3,5-diamino- 
6-chloropyrazinecarboxamide, m.p. 1 18'C, APCI MS M/Z=521[C23H33CiN804+H]^ which 
was hydrolyzed and acidified with HCL to give 4-[4-(2-aminoethyloxy) phenyl)butylamidino- 
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3,5-diamino-6-chloropyrazinecarboxaniide hydrochloride, in. p. >178'C (dec), M/Z=42!l 
[CuHzsClNgOz]. 

fix^ijimle 26 

4-{4-(2-Hydro3<yethyl)phenyl)butylamidino-3,5-diainino-6- 
chloropyrazinecarboxamide hydrochloride 




Using general procedure Z, 4-[4-(2-hydroxyethyl)phenyl)]butyl amine was converted into 4- 
[4-(2«hydroxyethyl)phenyl)]butylamidino-3,5-diamino-6-chloropyrazinecarboxamide 
hydrochloride, m.p. 218 - 219"C, API M/Z = 406[Ci8H24ClN7O2Hr. 

Example 27 

4-[3-(2-Hydroxyethyloxy)phenyl)butylamidino-3,5-diamino-6- 
chloropyrazinecarboxamide hydrochloride 




Using general procedure Z, 4-[3-(2-hydroxyethyloxy)phenyl)butyl amine was converted to 4- 
[(3-(2-hydroxyethyloxy)phenyI)]butylamidino-3,5-diamino-6-chloropyrazinecarboxamide 
hydrochloride, m.p. 161 - 163*C (dec). AMPI MS M/Z = 422[Ci8H24ClN703+H].* 
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References: 

1. Taylor, E.C.; Harrington, P.M.; Schin,C. Heterocycles, 1989, 28, 1 169, 
incorporated herein by reference 

2. Widsheis et al. Synthesis, 1994, 87-92, incorporated herein by reference. 

Sodium Channel Blocking Activity 

The compounds shown in the Tables below were tested for potency in canine 
bronchial epithelia using the in vitro assay described above. Amiloride was also tested in this 
assay as a positive control. The results for the compounds of the present invention are 
reported as fold-enhancement values relative to amiloride. 



Example 28 



' ^ ^N=C-NH-(CH2)„-^ " ^ 



R 




n 



Position 
ofR 



Fold Enhancement 
Over Amiloride 



NH2 



12.7 



70 



wo 03/070182 
Example 29 



PCT/US03/04817 



ri ^ NH2 /=\ OR 

CL XT Q I * /^\ I 

V- ^ ^N=C-NH— (CH2)4-^ ^O-CHzCH 

CH2-OR 

NHa'^ N NH2 

R Fold Enhancement 

Over Amiloride 

H 124 

O 36 
II 

-CCH3 

H3CXCH3* 91 
* = the R groups are bonded together via -C(CH3)2- 
Example 30 



O 

^:^I^^^N=c-NH— (CH2)4— ^ ^^c>-(ch2CH2-o)„— chj 




NH2 N NH2 




Fold Enhancement 
Over Amiloride 



1 87 

2 42 
4 28.7 
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Fold Enhancement 
Over Amiloride 



40 65 

-O-SO3H 27.7 

-O-Glucuronide 1 1 .2 
Na"" Salt 

-CH2OH 57 

-CO2CH3 26.5 



Example 32 

Effect of Compound (33) from Example 3 on MCC 

These experiments were conducted with compound (33) from Example 3, and the 
vehicle as a control. T^e results are shown in Figures 1 (t ^ 0 hoiirs) and 2 (t = 4 hours). 

Methods 

Animal Preparation: Adult ewes (ranging in weight from 25 to 35 kg) were restrained in an 
upright position in a specialized body harness adapted to a modified shopping cart. The 
animals' heads were immobilized and local anesthesia of the nasal passage was induced with 
2% lidocaine. The animals were then nasally intubated with a 7.5 mm internal diameter 
endotracheal tube (ETT). The cuff of the ETT was placed just below the vocal cords and its 
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position was verified with a flexible bronchoscope. Aft^r intubation the animals were 
allowed to equilibrate for approximately 20 minutes 
• mucociliary clearance. 

5 Administration of Radio-aerosol: Aerosols of ^^'"Tc-Human serum albumin (3.1 mg/ml; 
containing approximately 20 mCi) were generated using a Raindrop Nebulizer which 
produces a droplet with a median aerodynamic diameter of 3.6 ^m. The nebulizer was 
connected to a dosimetry system consisting of a solenoid valve and a source of compressed 
air (20 psi). The output of the nebulizer was directed into a plastic T connector; one end of 

10 which was connected to the endotracheal tube, the other was connected to a piston respirator. 
The system was activated for one second at the onset of the respirator's inspiratory cycle. The 
respirator was set at a tidal volume of 500 mL, an inspiratory to expiratory ratio of 1:1, and at 
a rate of 20 breaths per minute to maximize the central airway deposition. The sheep 
breathed the radio-labeled aerosol for 5 minutes. A gamma camera was used to measure the 

15 clearance of ^"™Tc-Human serum albumin fi-om the airways. The camera was positioned 

above the animal's back with the sheep in a natural upright position supported in a cart so that 
the field of image was perpendicular to the animal's spinal cord. External radio-labeled 
markers were placed on the sheep to ensure proper alignment under the ganuna camera. All 
• images were stored in a computer integrated with the gamma camera. A region of interest 

20 was traced over the image corresponding to the right lung of the sheep and the counts were 
recorded. The counts were corrected for decay and expressed as percentage of radioactivity 
present in the initial baseline image. The left lung was excluded fi-om the analysis because its 
outlines are superimposed over the stomach and counts can be swallowed and enter the 
stomach as radio-labeled mucus. 

Treatment Protocol (Assessment of activity at t-zero): A baseline deposition im^ge was 
obtain^immediately after radio-aerosol administration. At time zero, after acquisition bf the 
baseline image, vehicle. control (distilled water), positive control (amiloride), or experimental 
compounds were aerosolized firom a 4 ml volume using a Pari LC JetPlus. nebulizer to firee^ 
30 breathing animals. The nebulizer was driven by compressed air with a flow of 8 liters per 
minute. The time to deliver the solution was 10 to 12 minuted. Animals were extubated 
immediately following delivery of the total dose in order to prevent false elevations in counts 
caused by aspiration of excess radio-tracer firom the ETT. Serial images of the lung were 
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obtained at 15-minute intervals during the first 2 hours after dosing and hourly for the next 6 
hours after dosing for a total bbservatioh peribd of 8 hbiiirs. A washout period of at least 7 
days separated dosing Sessions witii different experimental agents. 

5 Treatment Protocol (Assessment of Activity at t-4hours) : The following variation of the 

standard protocol was used to assess the durability of response following a single exposure to 
/ ;f vehicle control (distilled water), positive control compounds (amiloride or benzamil), or 

'A . investigational agents. At time zero, vehicle control (distilled water), positive control 

(amiloride), or investigational compounds were aerosolized fi'om a 4 ml volume using a Pari 

10 LC JetPlus nebulizer to free-breathing animals. The nebulizer was driven by compressed air 
with a flow of 8 liters per minute. The time to deliver the solution was 10 to 12 minutes. 
Animals were restrained in an upright position in a specialized body harness for 4 hours. At 
the end of the 4-hour period animals received a single dose of aerosolized ^^"T'c-Human 
serum albumin (3.1 mg/ml; containing approximately 20 mCi) from a Raindrop Nebulizer. 

15 Animals were extubated immediately following delivery of the total dose of radio-tracer. A 
baseline deposition image was obtained immediately after radio-aerosol administration. 
Serial images of the lung were obtained at IS-minute intervals during the first 2 hours after 
administration of the radio-tracer (representing hours 4 through 6 after drug administration) 
• and hourly for the next 2 hours after dosing for a total observation period of 4 hours. A 

20 washout period of at least 7 days separated dosing sessions with different experimental 
agents. . 

Statistics: Data were analyzed using SYSTAT for Windows, version 5, Data were analyzed 
using a two-way repeated ANOVA (to assess overall effects), followed by a paried t-test to 
25 identify differences between specific pair^. Significance was accepted When P wa$ less than 
or equal to 0.05. Slope values (calculated fironi data collected durihg the initial 45 minutes 
after dosing in the t-zerb assessment) for mean MGC curves Wiere calculated using lineair least 
square regression to assess differences in the initial rates during the rapid clearance pliase. 

30 Example 33 

Synthesis of A'-(3,5-diamino-6-chIoropyrazine-2-carbonyl)-^-{4-[4-(2- 
guanidinoethoxy)-phenyl]butyl}guanidine dihydrochloride (9518) 
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CI 

H2N""N'""NH2 



NH 

NH f^^^--^N^NH2-2HCl 




9518 



o-T ^i-ferr-Butoxycarbonylaminoethoxy)phenyIlbutyl}carbainic acid benzyl ester (!)• 

'^pylazodicarboxylate (1 32 mL) was added dropwise over 45 minutes to a stirring 
. c of [4-(4-hydroxyphenyl)butyl]carbamic acid benzyl ester (50 g, 0.167 mol), (2- 
^'ethyl)carbamic acid ^er/-butyl ester (103.4 mL, 0.668 mol), and THF (150 mL) with 
^ t .c-thanol bath cooling from 15 to 35 °C- When the exothermic reaction ceased, the 
C€H> t:g bath was removed, and the reaction was allowed to stir at room temperature 
overnight. The solvent was evaporated at reduced pressure, and the residue was applied to a 
1 kg column of silica gel and eluted with methylene chloride. The chromatography was 
repeated twice. The residue after evaporation was washed with hexanes (1 .5 L), and the 
resulting solid was re-crystallized from a mixture of hexanes and methylene chloride (4:1, 1 
L) to afford 54 g (73%) of the pure product as a white solid. A second crop yielded an 
additional 10 g (13%) of the product. NMR (300 MHz, CDCI3) 5 1.45 (s, 9H), 1 .56 (m, 
4H), 2.56 (t, 2H), 3.20 (m, 2H), 3.50 (m, 2H), 3.98 (t, 2H), 4.75 (br s, IH), 5.00 (br s, IH), 
5.09 (s, 2H), 6.80 (d, 2H), 7.06 (d, 2H), 7.34 (m, 5H). 

{2-[4-(4-Aminobutyl)phenoxy]ethyl}carbamic acid iert-hutyl ester (2). 
(4.[4.(2-/er/-Butoxycarbonylaniinoethoxy)phenyl]butyl}carbaniic acid benzyl ester 1 (2.5 g, 

5.60 mmol), ethanol (20 mL), and 10% palladium on carbon (1 g), were subject to one 
atmosphere of hydrogen for 4 h, and then allowed to stand overnight. After stirring under 
nitrogen purge, the catalyst was removed by filtering the reaction mixture tlyough Celite and 
rinsing with methylene chloride. Evaporation followed by 2 h under high vacuum afforded 
the product (1.7 g, 98%) as an oii. *H NMR (300 MHz, CDCI3) 8 1 .45 (s, 9H), i;47 (m, 2H), 

1.61 (m, 2H), 1.75 (br s, 2H), 2.56 (t, 2H), 2.71 (t, 2H), 3.51 (m, 2H), 3.99 (t, 2H), 5.07 (br s, 
IH), 6.80 (d, 2H), 7.08 (d, 2H). 
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[2-(4-{4-[A^-(3,5-Diaiiimo-6-chiQropyrazine-2- 

carbonyl)giianidino]butyl}phenoxy)ethyl]-carbainic acid /eit-butyl ester (3). 

(2-[4-(4-Aminobutyl)phenoxy]ethyl}carbamic acid tert-hutyl ester 2 (1.7 g, 5.5 mmol), 1- 
(3,5-diamino-6-chloropyrazine-2-carbonyl)-2-methylisothiourea hydriodide (2.6 g, 6.6 
5 mmol), and triethylamine (3.1 mL) were combined in THF (18 mL). The reaction was stirred 
at reflux under argon for 1.5 h. The product mixture was allowed to cool, and the solvent was 
evaporated. Chromatography (silica gel, methylene chloride/methanol/concentrated 
ammonium hydroxide, 100:10: 1) afforded 2.65 g (92%) of the pure product as a yellow 
foamy solid. 'H NMR (300 MHz, CDCI3) 5 L44 (s, 9H), 1.62 (m, 2H), 1.61 (m, 2H), 1.75 
10 (br s, 2H), 2.56 (t, 2H), 2.71 (t, 2H), 3.51 (m, 2H), 3.99 (t, 2H), 5.07 (br s, IH), 6.80 (d, 2H), 
7.08 (d, 2H). 

Ar-{4-[4"(2-Aminoethoxy)phenyl]butyl}-iV*-(3,S-dianiino-6-chloropyrazine<-2-carbonyl)- 
guanidine (4, 9308). 

1 5 [2-(4- {4-[iS/'-(3 ,5-Diamino-6-chloropyrazine-2-carbonyl)guanidino]butyl}phenoxy)ethyl]- 
carbamic acid /er/-butyl ester 3 (2.63 g, 5.0 mmol) was dissolved in methanol (25 mL). 12N 
HCl (30 mL) was added in 10 ml portions. After stirring for 1 h, the reaction was complete 
by TLC (silica gel, methylene chloride/methanol/concentrated ammonium hydroxide, 
100:10:1). The solvent was evaporated and methanol (300 mL) was added and, this process 

20 was repeated. . The residue was placed under high vacuum overnight to afford the product 

(2.65 g, 99%) as a yellow solid, which was used without further manipulation. NMR (300 
MHz, DMSO-rftf) 8 1.58 (m, 4H), 2.57 (m, 2H), 3.16 (m, 2H), 3.37 (m, 2H), 4.18 (t, 2H), 6.91 
(d, 2H), 7.15 (d, 2H), 7.45 (m, 4H), 8.45 (br s, 3H), 9.03 (br s, 2H), 9.46 (t, IH), 10.63 (s, 
IH). 

25 ■ ■ ■ • ' 

A^-(4-{4-[2-(iV^*-Di-terr-butoxycarbonylguanidino)ethoxy]phenyl}buty^^^ 
dianiino-6-chloro-pyrazine-2-carbonyl)guanidine (5). 

Triethylamine (1 .4.mL, 10 mmole) was dripped, via a syringe, into a stirring solution ofN- 
{4^[4-(2-aminoethoxy)phenyl]butyl}-A^-(3,5-diamino-6-chloro-pyrazin 
30 carbonyl)guanidine 4 (500 mg, 0.943 mmole) in methanol (3 mL). To this stirring solution 
was added l,3-diBoc-2-(trifluoromethanesulfonyl)guanidine (Goodman's Reagent) (406 mg, 
1 .04 mmole), and this was allowed to stir at room temperature. After 2 h, TLC indicated the 
absence of Goodman's reagent. An additional 40 mgofthe Goodman's reagent was added. 



76 



wo 03/070182 PCTAJS03/04817 

and the reaction was stirred for additional 1 hi. After evaporating at below 35 the crude 
product was chromitographed (silica gel, methylene chloride/niethah61/c6nceritrate<i 
ammonium hydroxide, 100:10:1) to obtain the pure product as a yellow solid. 'H NMR (300 
MHz, CDCI3) 6 1.49 (s, 9H), 1.51 (s, 9H), 1.67 (m, 4H), 2.58 (m, 2H), 3.22 (m, 2H), 3.82 (q, 
2H), 4.05 (t, 2H), 5.22 (br s, IH), 6.84 (d. 2H), 7.06 (d, 2H), 8.73 (t, IH), 1 1.47 (br s, IH). 

A/^(3,S-Diamino-6-chloropyrazine-2-carbonyl)-iV-{4-l4-(2- 
guanidiaoethoxy)phenyl]butyl}-guanidine dihydrochloride (6). 

12N HCl (15 mL) was added dropwise to an ice cooled solution of A^(4-{4-[2-(Ar^*-di-te?t- 
butoxycarbonylguanidino)ethoxy]phenyl}butyl)-iV-(3,5-diamino-6-chloropyrazine-2- 
carbonyl)-guanidine 5 (370 mg, 0.56 mmole) in methanol (15 mL) over 1 min. After the 
addition, the cooling bath was removed, and the reaction was allowed to stir for 30 min. TLC 
(silica gel, methylene chloride/methanol/concentrated ammonium hydroxide, 3:3:1) indicated 
slow reaction progression. An additional 15 mL of 12N HCl was added dropwise at room 
temperature, and after 2 h, TLC indicated reaction completion. The solvent was evaporated 
and methanol (100 mL) was added and then evaporated below 30 **C , this process was 
repeated a fiirther three times and then the residue was placed under vacuum at 40 ^C for 2 
days to afford 300 mg (96%) of the pure product as a yellow solid. 'H NMR (300 MHz, 
DMSO-rfd) S 1.57 (m, 4H), 2.56 (m, 2H), 3.52 (m, 2H), 4.02 (t, 2H), 4.60 (br s, 2H), 6.88 (d, 
2H), 7.14 (d, 2H), 7.41 (m, 8H), 7.91 (t, IH), 8.93 (m, 2H), 9.33 (t, IH), 10.55 (s, IH). mp 
223-230. m/z (ESI) = 463 [C19H27CIN10O2 + H]^. 



Example 34 

Ar.[4-(4.{2.[bis-(r25;5^>2,3,4-trihydroxybutyl)aminoleth 

diamino-^6-chloropyrazine-2-carbonyl)guanidine dihydrochloride ( 10833) 




HjN N NH2 



10833 • 

Method A: via the reaction of {4-[4-(2-aminoethoxy)phenyl]butyl}carbamic acid benzyl ester 
7 with ZJ-(-)-erythrose. 
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{4V[4.(2-Aminoethoxy)phenylibutyl}carbamic acid benzyl ester hydrochloride (7). 

{4.[4-(2-rer^Butoxycarbonylaminoethoxy)phenyl]butyl}carbami acid benzyl ester 1 (1 1.0 g, 
24.9 mmol) was dissolved in methanol (110 mL) and THF (20 mL). 12N Hydrochloric acid 
(40 mL) was added drop wise, and the reaction was allowed to stir. After 1.5 h, ether (200 
mL) was added, and the reaction was suction filtered to collect a white solid. The solid was 
washed with ether, air dried, and dried under vacuiun. This afforded 7.6 g, (82%) of 7 as a 
white solid. 'H NMR (300 MHz, CD3OD) 8 1.39 (br s, 1 IH), L52 (m, 2H), 

4-[A^^-bis-((25,5/J)-2,3,4-trihydroxybutyl)-2-aniinoethoxylphenylbutylamine(9). 

Acetic acid (0.18 mL, 3.08 mmol) and Z)-(-)-erythrose (0.74 g, 6.16 mmol) were sequentially 
added into a suspension of {4-[4-(2-aminoethoxy)phenyl]-butyl}carbamic acid benzyl ester 
hydrochloride 7 (0.58 g, 1.54 mmol) in methanol (20 mL). The reaction mixture was stirred 
for 20 minutes at room temperature and under nitrogen atmosphere; then sodium 
cyanoborohydride (0.39 g, 6.16 mmol) was added at -78 °C. The reaction was allowed to 
warm up to room temperature. After overnight stirring, the solvent was evaporated and the 
residue was purified by Flash™(BIOTAGE, Inc) (90 g silica gel cartridge 40M, 5:1 :0.1 
chloroform/methanol/concentrated ammonium hydroxide) to provide 8 (0.61 g, 72%) as a 
white solid, /n/z (APCI) = 551 [C28H42N2O9 + Hf. 

The compound 8 (0.30 g, 0.55 mmol) was dissolved in methanol (30 mL) and stirred with 
10% palladium on carbon (0.24 g. wet) for 4 h at room temperature and atmospheric pressure 
of hydrogen. The mixture was then filtered through a silica gel pad; the solvent was 
evaporated to provide 9 (0.21 g, 92%) as a white solid. ^H NMR (300 MHz, CD3OP) 8 1 .55 
(m, 2H), 1.66 (m, 2H,) 2.58 (m, 2H), 2.70 (m, 4H), 2.92 (m, 2H), 2.96 (m, 2H), 3.05 (ni, 2H), 
3.42 (m, 2H), 3.55 (m, 2H), 3.62 (m, 2H), 3.70 (m, 2H), 4.10 (m, 2H), 6.86 (d, 2H), 7.08 (d, 
2H). 

^.[4-(4-{2-[bis-((75',3if>2,3,4-trihydroxybutyl)amino]ethoxy}ph^ 
diamlno-6-chldropyrazine-2-carbohyi)guanldine dihydrochloride (10). 
l-(3,5-Diamino-6-chipropyrazinoyl)-2-methylisothiourea hydriodide (0.l96g, 0.5 nrniol) and 
triethylamine (0.077 mL, 0.55 mmol) were sequentially added into a suspension of 9 (0.21 g, 
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0.5 mmol) in 10 mL of ethanoL The reaction mixture was stirred at 65 °C for 3 h; the solvent 
Was then evapbirated' The free base of the target compound 10 (0.166 g, 52%) was jjurified by 
Flash™ (BIOTAGE,Inc) (90 g silica gel cartridge 40M, 3: 1:0.3 ' / , ' 
chloroform/ethanpl/concen^ated ammonium hydroxide) as a yellow solid. It vs^as then treated 
5 with 3% HCI (2 mL). The precipitate was collected by filtration, washed with methylene 
chloride (4 x 5mL), then taken into water (2niL) and freeze-dried overnight to provide 152 
mg (44%) of 10 as a yellow powder. *H NMR (300 MHz, CD3OD) 8 1 .70 (br.s, 4H), 2.64 (m, 
2H), 3.28 (m, 2H), 3.32 (br.s, 2H), 3.49 (m, 2H), 3.55-3.80 (m, 8H), 3.87 (m, 2H), 4.05 (m, 
2H), 4.35 (m,2H), 6.95 (d, 2H), 7.15 (d, 2H). m/z (APCI) = 629 [C26H41CIN8O8 + Hf. [a]D^^ 
10 = -12.6 (c = 1 .03, MeOH). 

Method B; via the reaction of Ar-{4-[4-(2-aminoethoxy)phenyl]butyl}-^-(3,5-diamino-6- 
chloropyrazine-2-carbonyl)guanidine 4 with i)-(-)-erythrose. 

15 The compound 4 (0.2 g, 0.48 mmol) was suspended in 7 mL of methanol and Z>-(-)-erythrose 
(0.17 g, 1.4 mmol) dissolved in 0.9 mL of methanol was added. The reaction mixture was 
stirred at room temperature for 30 min. After this time 25 ^L of acetic acid was added to give 
a clear solution. The reaction mixture was cooled to -78 °C and sodium cyanoborohydride 
(0.084 g, 1 .4 mmol) was added. The reaction was stirred at -78 ®C for 2 h and at room 

20 temperature for 3 d. After this time the solvent was removed under reduced pressure and 15 
mL of water was added to the oily residue. The oil transformed into a yellow solid after 18 h 
in refrigerator. The solid was isolated by centrifiigation, washed with water and dissolved in 
MeOH containing 0.05 mL of TFA. Silica gel (approx. 20 mL) was added and the solvent 
was removed under reduced pressure. The impregnated silica gel was submitted for 

25 . purification using Flash™ (Biotage Inc., 90 g silica gel cartridge, fluent: 

chlorbform/methahol/animonium hydroxide = 4: 1 :0.2). The resulting yellow solid was 
dissolved in 10 mL of 5% HCI and the solvent was removed under reduced pressure to give 
compound 10 (100 mg, 30%) as a yellow solid. 'H NMR (300 MHz, CD3OD) 8 1.70 (br s, 
4H), 2,64 (m, 2H), 3.29-3.70 (iti, 20H), 4.07 (m, 2H) 4.37 (br s, 2H), 6.95 (d, 2H), 7.15 (d, 

.30 2p)./w/z(APC0 = 629[C26H4ieiN8O8 + Hr. 

Methods C: via 2,4-ethylidene-jD-erythrose 

Method C.l - precursor (1 1) constructed directly from pre-assembled amine (4) 
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ethoxy}phenyl)butyl]-A^-(3,5-diammo-6-chloropyrazine-2-carbo^ 

The free base 4 (0. 15 g, 0.35 mmol) was suspended in 6 mL of meAanol. 2,4-Ethylidene-Z)- 
5 erythrose^ (0.15 g, 1 .05 mmol) in 2 mL of methanol was added, followed by the addition of 
20 jiL (0.35 mmol) of acetic acid. The mixture was stirred at room temperature until a clear 
solution was formed (approx. 10 min). The reaction solution was cooled to -78 ^'C and 
sodium cyanoborohydride (0.07 g, 1 .05 nunol) was added. The reaction mixture was stirred at 
-78 **C for 2 h and at room temperature for 2d. After this time, the solvent was removed 
10 under reduced pressure and the residue purified by Flash™ (Biotage Inc., 90 g silica gel 

cartridge eluent: chloroform/ methanol/ anunonium hydroxide = 10:1:0.1) to give 0.17 g (70 
%) of 1 1 as a yellow sohd. NMR (300 MHz, CD3OD) 5 1 .21 (m, 6H), 1 .65 (br s., 4H), 
2.59 (m, 2H), 2.84 (m, 2H), 2.92-3.60 (m, 12H), 4,03 (m, 4H), 6.84 (d, 2H), 7,10 (d, 2H). m/z 
(APCI) = 681 [C30H45CIN8O8 + H]"^. 

15 

Method C.2 - precursor (1 1) constructed after side chain assembly 

4-(4-{2-[Bis-(r2^,¥5;5J?;-5-hydroxy-2-methyl[l^]dioxan-4- 
ylmethyI)amino]ethoxy}phenyl)-butylcarbamic acid benzyl ester (12). 

20 The compound 7 (0.5 g, 1.32 mmol) was suspended in 8 mL of methanol. 2,4-Ethylidene-Z)- 
erythrose (0.6 g, 4.1 mmol) in 2 mL of methanol was added, followed by the addition of 80 
\iL (1.32 mmol) of acetic acid. The mixture was stirred at room temperature until a clear 
solution was formed (approx. 10 min). The reaction solution was cooled to -78 and 
sodium cyanoborohydride (0.260 g, 1.05 mmol) was added. The reaction mixture was stirred 
^ 25 at -78 °C for 2 h and at room temperature for 1.8 h. After this timfs, the solvent was removed 
under reduced pressure and the target compound 12 (0.6g, 80%) was isolated by Flash™ 
(Biotage Inc., 90 g.silica gel cartridge, eluent: dicldromethahe/methanol/ajximoiiiuni 
hydroxide =17:1:0.1) as a clear oil/'HlvlMR (300 MHz, CD3OD) 5 1.24 (m., 
2H), 2,56 (m, 2K), 2.72 (m, 2H), 3.1 (m, 4H), 3.3 1-3.48 (m, 6H), 4.02 (m, 2H), 4.08 (m, 2H), 
30 4.65 (m, 2H), 5.05 (s, 2H), 6.74 (d, 2H), 7.0.5 (d. 2H), 7.23 (m, 5H). m/z (APCI) = 603 
[C32H46CIN2O9 + H]^. 
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4-(4. {2-lBis-(r21f,^5,5J?>5-hydroxy-2-methyl[131dioxan-4- 
ylmeth>i)aininoIethoxy}phenyll)*buiylainine (13). 

rv jcotected amine 12 was stirred at room temperature overnight in 25 mL of methanol with 
Pd ? (1 86 mg, 10% wet) under hydrogen (i atm). After this time, the catalyst was filtered off 
5 and solvent removed under reduced pressure to give amine 1 3 (0.49 g, 93%) as a clear oil. 
tty of 13 was confirmed by TLC on silica gel (eluent: chloroform/methanol/ 
lum hydroxide = 2.5:1:0.1). 

, 4 1 2-[Bis-(^2J?,^*S;5J?>-5-hydroxy-2-methyl[l ,3] dioxan-4-ylmethyl)amino] ethoxy }- 
^toatyll-iV'-(3,5-diamino-6-chloropyrazlne-2-carbonyl)-guanidine (II), 

^ Oiamino-6-chloropyrazinoyl-2-methylisothiourea hydriodide (0.39 g, 1.0 mmol) was 
ad^^-^ to a solution of 13 (0.49 g, 1.07 mmol) in THF (8 mL) containing 
diisopropylethylamine (0.18 mL, 2 mmol). The reaction mixture was stirred at reflux for 2.5 h 
and at room temperature ovemight. After this time, the solvent was removed under reduced 

1 5 pressure. The brown residue was washed with ether (2x 30 mL) and methylene chloride (2 x 
10 mL). The residue was dissolved in a minimal volume of methanol (approx. 2 mL) and 
poured into water. The precipitate was collected, washed with water and dried ovemight to 
give crude 1 1 (0.5 g) as a yellow solid. The compound 1 1 (0.4 g, 54%) was purified by flash 
chromatography on siUca gel (eluent: chloroform/methanol/anmionium hydroxide =10:1:0.1) 

20 as a yellow solid. [a]o = -20.4^ (c =1 .0, MeOH). 

iV-[4-(4.{24bis-(r2-S,ii?>23,4-trihydroxybutyl)aminolethoxy} 
diamino-6-chIoropyrazme-2-carbonyl)guaiiidine dihydrochloride (10). 

The compound 11 (0.18 g, 0.26 mmol) was dissolved in 15 mL of 10% HCl and the reaction 
25 mixture was stirred at room temperature for 18 h. After this tinie the solvent was renioved 
under reduced pressure. Tbe resulting residue was dried ovemight and purified by flash 
chroniatography on silica gel (eluent: chloibfonn/methanoysuximonium hydroxide = 3:1 :0.3) 
to give 66 mg of a yellow solid. The solid was dissolved* in 2.5 mL of 5% Hfcl and the solvent 
removed under reduced pressure. The residue was dissolved in 1 .5 mL of methanol and the 
30 methanol solution was poured into 2-propyl alcohol. The formed precipitate was collected, 
washed with methylene chloride and dried in vacuum. 34 mg (18%) of dihydrochloride 10 
was obtained. NMR (300 MHz, CD3OD) 8 1.71 (br s., 4H), 2,64 (m, 2H), 3.29-3.70 (m. 
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20H), 4.07 (m, 2H), 4-36 (br s., 2H), 6.96 (d, 2H), 7.16 (d, 2H). /w/z (APCI) = 629 

Method D: via (2/?,i5)-3,4-epoxybutan-l,2-diol 

5 4-(4-{2.[Bis-(f2iS,5Jf>-23,4-trihydroxybutyl)amino]ethoxy}phenyl)butylaminc(^^^ 

A solution composed of {4-[4-(2-aminoethoxy)phenyl]butyl}carbamic acid tert-hutyl ester 
16' (0.21 g, 0.681 mmol) and (2i?,55)-3,4-epoxybutan-l,2-diol^ (68) (0.177g, 1.702 mmol) in 
ethanol (5 mL) was heated at 70 ^^C overnight. It was then slowly cooled to room temperature 
and treated with concentrated hydrochloric acid (12N, 6 mL) at room temperature for 3 hours. 

10 The reaction mixture was concentrated under vacuum. The residue was taken into ethanol (3 
mL) and the resulting solution was concentrated again under vacuum. The procedure was 
repeated two more times to ensure no aqueous solvent remained. The residue was 
chromatographed over silica gel, eluting with a mixture of concentrated ammonium 
hydroxide (0-10%), methanol (0-30%), and methylene chloride (100-60%), to afford 0.273 g 

15 (89%) of the product 69 as a colorless viscous oil. [a]D^^= -33.1* (c 1.0, MeOH). NMR 
(300 MHz, CD3OD) 8 1.49-1,61 (m, 4H), 2.53-2.73 (m, 5H), 2.90-3.04 (m, 4H), 3.52-3.73 
(m, 17H), 4.07 (t, J = 5.7 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H). m/z 
(APCI) = 417 [C20H36N2O7 + H]^. 

20 A^-[4-(4-{2-[Bis-rr^5^^>2,3,4-trihydroxybutyl)aminolethoxy}phenyl)butyl]-A^-(3,^^ 
diamino-6-chloropyrazine-2-carbonyI)guanidine dihydrochloride (70, ALB 10833). 

Compound 69 (0.1 12 g, 0.269 mmol) was mixed with ethanol (5 mL). The mixture was 
heated at 65 ®C for 15 min to achieve complete dissolution. To the clear solution were 
sequentially added triethylamine (23 jtiL, 0.161 mihol) and l-(3,5-diamino-6- 

25 chloropyrazinoyl)-2-methylisothiourea hydriodide (0.105 g, 0.269 mmol). The inixture was 
heated at 65 *C for an jidditipnal 2 hours. It was, while still warm, slowly added into methyl 
tert'butyl ether (MTBE, 25 mL) cooled by an ice bath. A light yellow precipitation 
immediately formed upon the addition of the reaction mixture. The suspension was allowed 
to warm up to room temperature by removing the ice batli, and the stirring was continued for 

30 one more hour. The solid was vacuum filtered, washed with MTBE (3x5 mL), and tried 

under vacuum for 4 hours. The dry material (0.155 g) was then suspended in ethanol (3 mL), 
and treated with concentrated HCl (1 mL). Water (3 mL) was added to completely dissolve 
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the solid. The resulting solution was concentrated to dryness under vacuuni. The residue was 
takien into methanol (2 mL). The f esixltant methanolic solution was added into 2-pr6pyl 
alcohol (15 mL) at room temperature. The resulting light yellow suspension was stirred at 
room temperatiire overnight. The solid was then vacuum filtered, washed with 2-propyl 
alcohol (3x3 mL), and dried under vacuum. 0.093 g (49%) of the compound 70 was 
obtained as a light yellow solid, [ajo^^ = -13.9^ (c 1.0, MeOH). 'H NMR (300 MHz, DMSO- 
de) 6 1.46-1.68 (m, 4H), 2.50-2.57 (m, 2H), 3.26-3.70 (m, 15H), 3.88-4.98 (m, 2H), 4.35-4.72 
(m, 2H), 4.98-5.10 (br s, 2H), 5.50-6.70 (br s, 2H), 6.93 (d, J = 8.3 Hz, 2H), 7.16 (d, J = 8.3 
Hz, 2H), 7.45 (br s, 2H), 7.84-8.06 (br s, IH), 8.61 (br s, IH), 8.81 (br s, IH), 8.94 (br s, IH), 
9.25 (br s, IH), 10.51 (br s, IH). m/z (APCI) = 629 [C26H41CIN8O8 + H]^. 

Example 35 

Ar-[4-(4.{2-[bis-(r2i?^5)-2,3,4-trihydroxybutyl)amino]ethoxy}pheoyl)-butyl]-A^-(^ 
diainmo-6-chloropyrazine-2-carbonyl)guanidme dihydrochloride 
(14143, the enantiomer of 10833) 



OH 




14143 



(2-Bromoethyl)carbamic acid benzyl ester (14). 

Benzyl chloroformate (26 mL, 0.176 mole) was added in one portion; to a stirring mixture of. 
bromoethylamine hydrobromide (44 g, 0.21 mole), t^ethylamihe (64 mL, 0.46 mole), and 
methylene chloride.(l L) at belo\v 40 *^C. After the addition^ the .cooling bath was removed, 
and the reaction was allowed to stir for 3 h.. The mixture was transferred to a 2 L separatory 
funnel, and sequentially washed with water (2 x 500 mL), 2N HCl (2S0 mL), and water (500 
mL). The resulting solution was suction filtered through a 100 g pad of silica gel and washed 
with methylene chloride. Evaporation of the solvents afforded the product 14 (40 g, 89%) as 
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an oil. NMR (300 MHz, CDCI3) 8 3.46 (t, 2H), 3.60 (q, 2H), 5.1 1 (s, 2H), 5.20 (br s, IH), 
7.35 (m,5H). . . ' - * 

{4.[4-(2-Benzyloxycarbonylaininoethoxy)phenyi]butyl}carbamic acid tert-butyl ester 
5 (15). 

[4-(4-Hydroxyphenyl)butyl]carbamic acid tert-hutyl ester (38 g, 0,143 mole), cesium 
carbonate (84 g, 0.257 mole), and (2-bromoethyl)carbamic acid benzyl ester 14 (59 g, 0.23 
mole) were combined in DMF (200 ml). The mixture was mechanically stirred under 
nitrogen at 63 ®C for 5.5 h, and allowed to stand at room temperature overnight. An 

10 additional amount of (2-bromoethyl)carbamic acid benzyl ester 14 (5 g, 0.019 mole) and 

cesium carbonate (7.1 g, 0.21 mole) were added, and the reaction was further stirred at 65 ^'C 
for Ih. Toluene was then added, and the stirring mixture was allowed to cool to room 
temperature. The mixture was suction filtered through a medium sintered glass buchner 
funnel and washed with toluene. The solvents were removed under vacuum at 75 °C. The 

1 5 remaining oil was washed with hexanes (2 x 400 mL), then dissolved in ether (500 ml) and 
washed with a mixture of water and brine (10:1, 4 x 100 mL). The remaining solution was 
suction filtered through a 30 g pad of silica gel and the solvent evaporated. The residue was 
washed with hexanes (3 x 400 ml), and then placed under vacuum for 2 h to afford 61 .8 g of 
the product 15 which was used without further purification. 'H NMR (300 MHz, CDCI3) 5 

20 1.45 (s, 9H), 1,54 (m, 4H), 2.56 (t, 2H), 3.20 (m, 2H), 3.50 (m, 2H), 3.98 (t, 2H), 4.75 (br s, 
IH), 5.00 (br s, IH), 5.09 (s, 2H), 6.80 (d, 2H), 7.06 (d, 2H), 7.34 (m, 5H). 

{4-[4-(2-Aminoethoxy)phenyl]butyl}carbamic acid teri-hutyl ester (16), 
{4-[4-(2-Benzyloxycarbonylaminoethoxy)phenyl]butyl}carbamic acid ter/-butyl ester 15 

25 (61.8 g) was stirred in ethanol (500 ml) with 10% palladium on carbon (6 g, w^, under one 
atmosphere of hydrogen. After stirring foi" more than 6 h, TLC (silica geU metjiylene ; 
chldride/THF, 20: 1 ) indicated reaction cdmpletioh. The complete reaction- was flushe^d with 
nitrogen, and suction filtered through a pad of Celite, and the pad washed with methylene 
chloride. The residue (41 g) after evaporation of the methylene chloride was applied to an 

30 800 g pad of silica gel, and sequentially eluted with a mixture of THF and methylene chloride 
(1 .4 L, 2:1), and a mixture of methylene chloride, methanol, and concentrated ammoniuni 
hydroxide (30:10:1, 2 L). The fi-action containing the product was collected. Evaporation 
afforded the pure product 16 (32.8 g, 74% over 2 steps). *H NMR (300 MHz, CDCI3) 8 1.44 
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(s, 9H), 1.50 (br s, 2H), 1.55 (m, 4H), 2.56 (t, 2H), 3.12 (m, 2H), 3.50 (m, 2H), 3.98 (t, 2H), 
4.75 (br s, IH), 5.00 (br s, IH), 5.09 (s, 2H), 6,80 (d, 2H), 7.06 (d,.2H), 7.34 (m,- 5H). 

[4.(4.{2-[Bis-(^^J?,55>-2,5,4-trihydroxybutyl)ainino]ethoxy}phenyl)butyl]carbainicacid 
5 rer^-buty 1 ester (1 8). 

A solution composed of the compound 16 (0.4 g, 1.297 nunol) and (25,i/J)-3,4-epoxybutan- 
1,2-diol^ (17) (0.405g, 3.891 mmol) in ethanol (6 mL) was heated at 60 °C overnight. It was 
then concentrated under vacuum. The residue was loaded onto silica gel, and eluted by a 
mixture of concentrated ammonium hydroxide (0-3%), methanol (0-30%), and methylene 

10 chloride (100-67%) to afford 0.592 g (88%) of the product 18 as a colorless viscous oil. 

[a]D" = +19.9° (c 0.84, MeOH). 'H NMR (300 MHz, CD3OD): 8 1.32-1.67 (m, 13H), 2.54 (t, 
J = 7.1 Hz, 2H), 2.72-2.79 (m, 2H), 2.94 (dd, J = 13.2 Hz, 3.3Hz, 2H), 3.02-3.09 (m, 2H), 
3.51-3.55 (m, 4H), 3.59 (d, J = 3.0Hz, 2H), 3.67-3.74 (m, 4H), 4.08 (t, J = 5.6 Hz, 2H), 4.63 
(br, IH), 6.86 (d, J = 8.4 Hz. 2H), 7.07 (d, J = 8.4 Hz, 2H). m/z (APCI) = 517 [C25H44N2O9 + 

15 H3^ 

4-(4-{2-[Bis-(r2i;,55;-2,5,4-trihydroxybutyI)ainino]ethoxy}phenyl)butylainine (19). 

To a solution containing the compound 18 (0.502 g, 0.972 mmol) in ethanol (10 mL) was 
slowly added concentrated hydrochloric acid (12N, 2 mL). The clear solution was stirred at 

20 room temperature for 4 hours. The reaction mixture was concentrated under vacuum. The 

residue was taken into ethanol (3 mL) and the resulting solution was concentrated again \mder 
vacuum. The procedure was repeated two more times to ensure no aqueous solvent remained. 
The residue was chromatographed over silica gel, eluting with a mixture of concentrated 
ammonium hydroxide (0-10%), methane (0-30%), and methylene chloride (100-60%), to 

25 afford 0.396g (98%) of the product 19 as a low melting white solid. [oId^' ~ +24.2" (c a.265, 
MeOH). 'H NMR (300 MHz. DMSO-rftf): 6 1 .32-1 .52 (m, 4H), 2.46- 2.5.5 (m, 4H), 2.74-2.79 
(m, 2H). 2.84-2.96 (m, 2H), 3.3i;3.99 (m, i6H), 4.01 (< J - 5.9 Hz, 2H). 6.40 (br s, iH), 6.82 
(d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H). (APCI) = 417 [C2(^^^ 

30 N-[4-(4-{2-[Bis-((2IMS)-2,3,4-trihydroxybutyl)amino]ethoxy}phenyl)butyl]-N'-(3,5- 
diamino-6-chIoropyrazine-2-carbonyl)guanidine (20, ALB 14143). 
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The compound 19 (0.15 g, 0.331 mmol) was mixed with ethanol (5 mOL). The mixture was 
heated at 65 ^^C for 15 min to achieve complete dissolution. To the clear solution were 
sequentially added di-isopropylethylamine (0.26 mL, 1.505 mmol) and l-(3,5-diamino-6- 
chloropyrazinoyl)-2-methylisothiourea hydriodide (0.1 17 g, 0.301 mmol). The mixture was 
heated at 65 **C for an additional 2 hours, and subsequently concentrated under vacuum. The 
residue was chromatographed over silica gel, eluting with a mixture of concentrated 
anmioniiun hydroxide (1-7%), methanol (10-30%), and methylene chloride (89-63%), to 
afford 0.152 g (80%) of the free base of 20 as a yellow solid, mp 78-80 X (decomposed), 
[a]o^^ = +19.3* (c 1.075, MeOH). 'h NMR (300 MHz, DMSO-rftf): 8 1.46-1 .68 (m, 4H), 2.48- 
2.62 (m, 2H), 2.74-2.95 (m, 4H), 3.08-3.19 (m, 2H), 3.26-3.70 (m, 12H), 4.03 (t, J = 5.9 Hz, 
2H), 4.35-4.72 (m, 6H), 6.60-6.74 (br s, 3H), 6,83 (d, J = 8.3 Hz, 2H), 7.1 1 (d, J - 8.3 Hz, 
2H), 9.05 (br s, 2H). m/z (APCI) = 629 [C26H41C1N8O8 + H]''. 

A sample of the free base of the compound 20 (0.2 g) was treated with 2N HCl (8 mL). The 
solution was concentrated to dryness under vacuum. The residue was taken into methanol (2 
mL). The resultant methanolic solution was added into 2-propyl alcohol (15 mL) at room 
temperature, resulting in a light yellow suspension. The solid was vacuum filtered, washed 
with 2-propyl alcohol (3x3 mL), and dried under vacuum. 0.21 g (94%) of the compound 20 
was obtained as a light yellow solid, mp 93-96 ''C (decomposed); [a]D^^ = +9.06' (c 1.17, 
MeOH). ^H NMR (300 MHz, DMSO-rf^): 8 1.46-1.68 (m, 4H), 2.48- 2.62 (m, 2H), 3.26-3.70 
(m, 17H), 4.03 (t, J = 5.9 Hz, 2H), 4.35-4.72 (m, 2H), 4.98-5.10 (m 2H), 5.50-6.70 (br s, 2H), 
6.94 (d, J = 8.3 Hz, 2H), 7.14 (d, J - 8.3 Hz, 2H), 7.40 (br s, IH), 7.42-7.67 (br s, IH), 8.68- 
8.89 (br s, 2H), 9.31 (br s, IH), 10.53 (br s, IH). m/z (APCI) = 629 [CacHAiClNgOg + Hf. 

Example 36 . 



Ar-[4-(4-{2-[(2iSxJJ?>-2,3^trihydr6xybuty^ 

. 6-chltfropyrazine-2-carbonyl)guanidiiie dihydrochloride ( 10733) 




10733 
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Ar-l4.(4-{2-[(75,3J?>2,3,4-trihydroxybutylaminole* 
6-r9il6Fopyrazine-2-carbonyl)guanidine dihydrochloride (22). 

Ttm free base 4 (0.3 g, 0.71 minol) was suspended in 12 mL of methanol and 0.09 mL (1.4 
n?mol) of AcOH was added. The mixture was stirred at room temperature until a clear 

» was formed. 2,4-Ethylidene-Z)-erythrose (0.13 g, 0.92 mmol) was then added. The 
m solution was cooled to -78 and sodium cyanoborohydride (0.06 g, 0.92 mmol) 
•^'r vr!ded. The reaction mixture was stirred at -78 for 2 h and then at room temperature 
i After this time the solvent was removed under reduced pressure and the residue 
4 by Flash™ (Biotage Inc., 90 g silica gel cartridge eluent: chloroform/ methanol/ 
t!< ^jium hydroxide = 15:1:0.1) to give 0.26 g (66%) of 21 as ayellow solid. A sample of 
ihe -F^mpound 21 (0.2 g, 0.36 mmol) was then dissolved in methanol (15 mL) and 300 mg of 
acidic resin (Dowex 50 WX8-200) was added. The mixture was stirred at room temperature 
for 2 d. After this time, the resin was filtered off and washed with methanol. Then the resin 
was washed with a 1:1 mixture of MeOH/NH40H , (2 x 20 mL) and filtered off. The 
supematants were combined and the solvent was removed under reduced pressure. The 
residue was purified by flash chromatography on silica gel (eluent: 

chloroform/methanol/ammonium hydroxide = 3:1:0.3). The obtained compound was dried 
overnight. After this time, the dry residue was dissolved in 5% HCl. Solvent was removed 
under reduced pressure and the formed yellow solid was dried overnight to give compound 22 
(0.12 g, 55%). NMR (300 MHz, CD3OD) S 1.68 (br s., 4H), 2.64 (m, 2H), 3.15-3.75 (m, 
1 IH), 3.95 (m, IH), 6.94 (d, 2H), 7,18 (d, 2H), 9.23 (m, IH). m/z (APCI) = 525 

[C22H33C1N805 + Hf. 

Example 37 ' ' . ^ 

N'[4-i4-{2-lb\H(2R,3S,4R)-2^ 

(3,5-dianiin6-6-chloropyrazine-2-carbonyl)guanidine dihydrochloride 

(4330) 
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AL[4.(4-{2.[bis-(f2i?,55,^^;-2,3,4,5-tetrahydroxypentyl)amino]e^^ 
(3,5-diamino-6-chloropyrazine-2-carbonyl)guanidine dihydrochloride (23). 
5 Z>-(+)-xyIose (0.35 g, 2.6 mmol) was added to a solution of hydrochloride 4 (0.3 g, 0,65 
mmol) in methanol (20 mL) and the mixture was stirred for 20 min at room temperature. 
Then the solution was cooled to -78 and sodium cyanoborohydride (0.17 g, 2.6 mmol) 
was added. The reaction mixture was stirred at -78 for 2 h and at room temperature for 4 
d. After this time, the solvent was removed under reduced pressure and the residue was 

10 washed with water. The formed yellow solid was isolated and dried under vacuum. Then the 
residue was re-dissolved in 5% HCl and the solvent was removed at reduced pressure. The 
obtained compound was dissolved in water containg 0.1% TFA and purified by preparative 
HPLC (C 18 Luna column from Phenomenex 250 x 21.2 mm, 5 ^i, isocratic method, 
water/acetonitrile =80%:20%). The fractions containing the target compound were combined 

1 5 and the solvent was removed imder reduced pressure. The residue was dissolved in 5% HCl 
and solvent was removed under reduced pressure (twice). The resulting yellow powder was 
dissolved in water and the solution was lyophylized to give 34 mg (7%) of compound 23 as a 
yellow solid. 'H NMR (300 MHz, CD3OD) 5 1.64 (br s., 4H), 2,62 (m, 2H), 3.30 (m, 4H), 
3.35-3.70 (m, 13H), 4.23 (m, 2H), 4.47 (m, 2H), 6.95 (d, 2H), 7.15 (d, 2H). m/z (APCI) - 

20 689 [C28H45CIN8O10 + H]^. [a]D^^ = -16.1° (c =0.5, MeOH). 

Example 38 

.4-{4-[A^-<395-diamino-^ctalpropyra2itf^^ 
25 hydroxyethyl)benzamide hydrochloride ( lliSO) 
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O 




O NH 



N^N 
H H 




H 



HCl 



11180 



The synthesis of 4-(4-Carboxymethylphenyl)butylamine (24) was described in the previous 
previously provided experimental details (as compound 8). 

4-(4-/^i-/-Butoxycarbonylaininobutyl)benzoic acid methyl ester (25). 
Di-^er^butyl dicarbonate (1.64 g, 7.51mmol) was added into the solution of 24 (Ig, 4.84 
mmol) in anhydrous methylene chloride (50 mL). The reaction mixture was stirred ovemigjit 
under an argon atmosphere at room temperature. Then the solvent was removed under 
reduced pressure. The residue was separated by Flash™ (BIOTAGE, Inc) (90 g silica gel 
cartridge 40M, 3:1 hexane/ethyl acetate) to provide 25 as a white solid (1.35 g, 91%). 
NMR (300 MHz, CDCI3) 6 1.42 (s, 9H), 1.52 (m, 2H), 1.64 (m, 2H), 2.69 (m, 2H), 3.13 (m, 
2H), 3.90 (s, 3H), 4.57 (br s, IH), 7.22 (d, 2H), 7.95 (d, 2H). 

4-(4-/^rr-butoxycarbonylaminobutyl)benzoic acid (26). 

An aqueous (10 mL) solution of sodium hydroxide (0.53 g, 13.18 nrniol) was added into the 
solution of 25 (1.35 g, 4.39 mmol) in THF (60 mL) and the resulting solution was stirred at 
room temperature for 48 h and at 60 °C fori 4 h. Then the solvent was removed under reduced 
pressure. Water (20 mL) was added and pH was adjusted to 7 with HCl. The white solid 
precipitate was filtered off, washed with water and dried under vacuum. 1.22 g (95%) of 
white solid 26 was obtained. *H NMR (300 MHz, DMSO-rf^) 5 L39 (br s, 1 IH), L52 (m, 
2H), 1 .64 (m, 2H), 2.92 (m, 2H), 6.84 (m, IH), 7.28 (d, 2H), 7.85 (d, 2H). 

{4-[4-(2-Hydroxyethylcarbanioyl)phenyl]butyl}carbamic acid tert-hutyl ester (27). 
l,r-Carbohyldiimidazole (0.6 g, 3.71 mmol) Was added into the solution of 26 (6.91 g, 3.09 
nmiol) in THF (50 mL). The reaction mixture was stirred at room temperature overnight 
under argon atmosphere, then ethanolamine (0.28 mL, 4.64 mmol) was added. The stirring 
was continued for 24 h at room temperature and argon atmosphere. The solvent was 
evaporated and the. residue was purified by Flash™ (BIOTAGE, Inc) (90 g silica gel cartridge 
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40M, 18:1:0.1 chloroform/ethanol/concentrated ammonium hydroxide). 0.74 g (71%) of a 
white solid 27 was isolated. "H NMR (300 MHz, CJDCI3) 8 1 .46 (s, 9H), 1 .48 (m, 2H), 1.66 
(m, 2H), 2.62 (m, 2H), 3.10 (m, 2H), 3.79 (m, 2H), 4.55 (br s, IH), 6.74 (m, IH), 7.18 (d, 
2H),7.66(d,2H). . ' 

4-(4-Amiiiobutyl)-A^-(2-hydroxyethyl)benzamide hydrochloride (28). 

A solution of 27 (0.4 g, 1 .19 mmol) was stinred at room temperature in a mixture of 
methanol/HCl (1 : 1 , 40 mL). The reaction was finished in 2 h according to HPLC analysis. 
The solvent was removed under reduced pressure to provide 0.33 g (98%) 28 as a white solid. 

NMR (300 MHz, DMSO-rf^) 5 1.60 (m, 4H), 2.63 (m, 2H), 2.78 (m, 2H), 3.31 (m, 2H), 
3.50 (m, 2H), 7.28 (d, 2H), 7.80 (d, 2H), 7.97 (br s, 2H), 8.46 (m, IH). 

4-{4-[A^-(3,5-Diamino-6-chloropyrazme*2-carbonyl)guaDidino]butyl}-A^-(2*hydroxy- 
ethyl)benzamide hydrochloride (29). 

l-(3,5-Diamino-6-chloropyrazinoyl)-2-methylisothioureahydriodide (0.48 g, 1.24 mmol) and 
triethylamine (0.7 mL, 4.74 mmol) were sequentially added into a solution of 28 (0.28 g, 1.19 
mmol) in a mixture of THF/MeOH (4 mL, 1/1). The reaction mixture was stirred in the 
boiling solvent for 4 h, then at room temperature overnight. The solvent was evaporated. The 
free base of the target compound 29 (0.36 g, 62%) was purified by Flash™ (BIOTAGE, Inc) 
(90 g silica gel cartridge 40M, 12:1 :0.1 chloroform/ethanol/concentrated ammonium 
hydroxide) as a yellow solid. 100 mg of the yellow solid was treated with 2 mL of 3% HCl. 
The precipitate was collected by filtration, washed with water (2 x 5mL) and dried under 
vacuum to give 85 mg (79%) of 29 as a yellow powder. ^H NMR (300 MHz, DMSO-rf^) 8 
1,60 (m, 4H), 2.68 (m, 2H), 3.28 (m, 4H), 3.49 (m, 2H), 4.80 (m, IH), 7.28 (d, 2H), 7.44 (br 
s, 2H), 7.82 (d, 2H), 8^45 (m, IH). m/z (APCI) = 449 [C19H25CIN8O3 + Hf . 

Example 39 . . 

2-{4-iA^^3,5-diamino*6*chloropyrazine-2-carbonyl)guanidmo]-4- 
butylphenoxy}acetamide hydrochloride ( 9714) 
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[4-(4-Benzyloxycarbonylaminobutyl)phenoxy] acetic acid ethyl ester (47). 
Sodium hydride (60% dispersion in mineral oil) (0.24 10.05 mmol) was added to a cold (0 
°C) solution of 4-(4-hydroxyphenyl)butylamine (2 g, 6.68 mmol) in THF (150 mL) under 
nitrogen atmosphere. The reaction mixture was allowed to warm up to room temperature over 
0.5 h with stirring, then ethyl bromoacetate (0.96 mL, 8.02 mmol) and tetrabutylammonium 
iodide (0.25 g, 0.67 mmol) was sequentially added. The reaction was further stirred at room 
temperature overnight. Silica gel (25 mL) was added into the mixture and the solvent was 
evaporated. The impregnated silica gel was subjected to colunm chromatography purification 
(silica gel, 5:1 hexanes/ethyl acetate). 2.42 g (94%) of 47 was obtained as a white solid. *H 
NMR (300 MHz, CDCI3) 8 1.30 (t, 3H), L57 (m, 4H), 2.58 (m, 2H), 3.20 (m, 2H), 4.28 (m, 
2H), 4.58 (s, 2H), 4.74 (br s, IH), 5.10 (br s, 2H), 6.82 (m, 2H), 7.08 (m, 2H), 7.38 (br s, 5H). 

[4-(4-Aminobutyl)phenoxy] acetic acid ethyl ester (48). 

A suspension of 47 (1.1 1 g, 2.88 mmol) and 10% palladium on carbon (0.40 g, wet) in 
methanol (50 mL) was stirred at room temperature for 2 h under atmospheric pressure of 
hydrogen. The mixture was then filtered through a silica gel pad. The solvent was evaporated 
to provide 48 (0.64 g, 88%) as a white solid. NMR (300 MHz, DMSO-rftf) 8 1.21 (m, 3H), 
1.30-1.63 (m, 6H), 3.13 (m, 2H), 4.17 (m, 2H), 4.72 (br s, 2H), 6.84 (ih, 2H), '7.10 (iti, 2H). 

(4-{4-[7V'*(3,5-Diamino-6-chloropyrazine->2:<:arbpnyl)gua 
acid ethyl ester (49). 

l-(3,5-rDiamitib-6-chloropyrazinoyi)-2-methylis6thiourea hyd^ (0.74 g, 1.9 nimol) and 
triethylamine (0.5 mL) were sequentially added into a solution of 48 (0.62 g, 2.47 mmol) in 
THF (10 mL). The reaction mixture was stirred in the boiling solvent for 4 h and at room 
temperature overnight. The solvent was evaporated and the residue was purified by column 
chromatography (silica gel, 6:1:0.1 chloroform/ethanol/concentrated ammonium hydroxide) 
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to provide 49 (0.5 g, 57%) as a yellow solid. The purity of the product was confirmed by 
ffi>LC.m/z(APCI) = 464[C2oH26ClN704+ ^ 

2-{4-[7V-(3,5-Diainino-6-chIoropyrazine-2-carbonyl)guanidino]-4- 
butylphenoxy}acetamide hydrochloride (50, 9714)« 

A solution of 49 (0.5 g, 1.08 mmol) in ammonia-saturated ethanol (100 mL) was stirred at 
room temperature overnight. The solvent was evaporated and the residue was purified by 
column chromatography (silica gel, 4:1:0.1 chloroform/ethanol/concentrated ammonium 
hydroxide) to afford the firee base of the product 50 as a yellow solid. It was then treated with 
3% HCl. The solvent was evaporated. The resulting solid was washed with water (2x5 mL), 
and then dried in vacuum to provide 50 (0.25 g, 49%) as a yellow solid. 'H NMR (300 MHz, 
DMSO-rftf) 5 1.57 (br s, 4H), 2.51 (m, 2H), 3.33 (m, 2H), 4.48 (s, 2H), 6.87 (d, 2H), 7.13 (d, 
2H), 7.37-7.60 (m, 4H), 8.88 (br s, IH), 8.99 (br s, IH), 9.32 (m, IH), 10.56 (s, IH). m/z 
(APCI) = 435.3 [C18H23CIN8O3 + H]^ 

Example 40 

4-{4-[A^-(3,5-Diamino-6-chloropyrazine-2-carbonyl)guanidino]butyl}benzamidine 

(11157) 




11157 

[4-(4-Cyanophenyl)but^3-ynyl}carbainic acid tertA^ntyX ester (56). 
But-3-ynylcarbamic acid tert-bxxtyX ester (3.66 g, 22 mmol) was added dropwise to an ice 
cooled, stirring, argon purged mixture of 4-iodpbenzonitrile (4;5^ 

dichlorobis(triphenylphosphine)palladium(II) (0.69 g, 0.98 mmol), copper (I) iodide (0.19 g, 
0.98 mmol), triethylamine (1 1 mL, 78.4 mmol), and THF (24 mL). After stirring for 10 min, 
the ice bath was removed, and the reaction was allowed to stir for an additional 2 h. The 
reaction mixture was passed through a pad of silica gel with methylene chloride/ethyl acetate 
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(5: 1 J as eluant. After evaporating the solvent, the crude product was chromatographed with 
methylene chloride/ethyl acetate (20: 1) as eluant. Evaporation of the solvent, followed by 
plai:^ent under vacuum for 1 h, afforded the pure product 56 (5.2 g, 99%) as an oil. 
NMK (300 MHz, CDCI3) 6 1.46 (s, 9H), 2,64 (t, 2H), 3.37 (m, 2H), 4.85 (br s, IH), 7.47 (d, 
5 2Hu7.58(d,2H). 

. viinophenyl)butyl]carbamic acid /e/t-butyl ester (57). 

A tension of [4-(4-cyanophenyl)but-3-ynyl]carbamic acid tert-hutyl ester 56 (5.2 g, 19.2 
md 10% palladium on carbon (2.5 g, wet) in ethanol/THF (30 mL, 1:1) was stirred 
«j fi under 1 atmosphere of hydrogen. After purging with nitrogen, the reaction mixture 
^ ? faction filtered through a pad of Celite. The solvent was removed from the filtrate by 
ev5ji2i4;ration. The residue was chromatographed on silica gel, eluting with methylene 
chloride/ethyl acetate (30: 1), to afford the pure product 57 (4.6 g, 87%) as an oil. NMR 
(300 MHz, CDCI3) 8 1.44 (s, 9H), 1.51 (m, 2H), 1.65 (m, 2H), 2.69 (t, 2H), 3.14 (m, 2H), 
1 5 4.52 (br s, IH), 7.27 (d, 2H), 7.56 (d, 2H). 

[4-(4-Thiocarbamoylphenyl)butyl]carbamic acid tert-hutyl ester (58). 

Nitrogen was bubbled through a stirring solution of [4-(4-cyanophenyl)butyl]carbamic acid 
tert-hxxXyl ester (57) (4.5 g, 16.4 mmol), pyridine (60 mL), and triethylamine (60 mL) for 10 

20 min. Hydrogen sulfide was slowly bubbled through this stirring solution for 10 min. The 
reaction was sealed, and allowed to stir overnight. The reaction mixture was then purged 
with nitrogen, transferred to a separatory funnel with ethyl acetate (500 mL), and sequentially 
washed with water (3 x 100 mL), saturated aqueous solution of potassium hydrogen sulfate (3 
X 100 mL), water (2 x 50 mL), and brine (2 x 50 mL). The solution was dried over sodium 

25 sulfate. The solid was filtered, and the filtrate was concentrated under reduced pressure. The 
resulting solid was re-crystallized firom hexanes/ethyl acetate (10:1), and placed under 
vacuum for 2 h to afford the pure product 58 (4.8 g, 95%) as a yellow crystalline solid. 'H 
NMR (300 MHz, CDCl3) 81.43 (s, 9H), 1.49 (m, 2H), 1.63 (m, 2H), 2.65 (t, 2H), 3.11 (m, 
2H), 4.57 (br s, IH), 7.19 (d, 2H), 7.42 (br s, IH), 7.81 (d, 2H^^ 

30 . 

[4-(4-Carbaininiidoylphenyl)butyl]carbaniic acid terr-butyl ester (59). 
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[4-(4-Thiocarbamoylphenyl)butyl]carbamic acid /er/-butyl ester (58) (500 mg, 1.6 mmol) and 
iodomethane (4 mL, 64 ramol) were combined in methylene chloride (8 mL). The solution 
was stirred at reflux for 3 h, and allowed to stand overnight. The volatiles were removed by 
evaporation, and the residue was dried under vacuum for 3 h. The resulting crystalline solid 
5 was dissolved in ethanol (S mL), and ammonium acetate (1.1 g, 14.4 mmol) was added. The 
resulting solution was stirred at reflux for 2 h, and the solvent was evaporated. The residue 
was taken up in a mixture of methanol and concentrated ammonium hydroxide (20 mL, 10:1), 
and the solvent was then evq^orated. To this residue were added water (20 mL) and 
concentrated ammonium hydroxide (3 mL). The resulting mixture was stirred for 1 h, cooled 
10 in an ice bath, and suction filtered to collect a solid. The solid was dried under vacuum 

overnight to afford the product 59 (137 mg, 29%). NMR (300 MHz, DMSO-^/^) 6 1.37 (s, 
9H), 1.38 (m, 2H), 1.55 (m, 2H), 2.64 (t, 2H), 2.93 (m, 2H), 6.80 (br s, IH), 7.35 (d, 2H), 
7.70 (d, 2H), 9.62 (br s, 3H). 

1 5 4-(4-Aminobutyl)benzamidine dihydrochloride (60). 

12 N hydrochloric acid (0.71 mL, 8.6 mmol) was added dropwise into a stirring solution of 
[4-(4-carbamimidoylphenyl)butyl]carbamic acid /er/-butyl ester (59) (124 mg, 0.43 mmol) in 
methanol (2 mL). After stirring for 2.5 h, TLC (methylene chloride/methanol/concentrated 
ammonium hydroxide, 6:3:1) indicated reaction completion. The reaction mixture was 
20 vacuum filtered. The solvent was removed from the filtrate by evaporation. Residual water 
was further removed as an azeotrope of toluene/methanol (1:1). Placement of the residue 
under vacuum for 2 h afforded the product 60 (106 mg, 94%) as a yellow foamy solid. 
NMR (300 MHz, DMSO-rf^) 5 1 .62 (m, 4H), 2.70 (t, 2H), 2.78 (m, 2H), 3.49 (br s, IH), 7.47 
(d, 2H), 7.82 (d, 2H), 8.13 (br s, 3H), 9.25 (s, 2H), 9.42 (s, 2H). 

25 . . • . ■ ; " ■ ' 

4-{4-[7\^-(395-Diamino-6-chloropyrazine-2-carbpnyl)guanidmo]butyl}benzamidm 
ALB 11157). 

4-(4-Aminobutyl)benzamidine dihydrochloride (60) (92 mg, 0.35 mmol), triethylamine (0.24 
mL, 1.74 nunol), l-(3,5-diamirio-6-chioropyrazinoyl)-2-methylisothioUf^ hydriodide (142 
30 mg, 0.37 mmol) were sequentially added into ethanol (2 mL). After stirring at reflux for 2 h 
with argon protection, the solvent was evaporated. The residue was stirred in methylene 
chloride (5 mL), and suction filtered to obtain a solid. The solid was chrdmatographed on 
silica gel, eluting with methylene chloride/methanol/concentrated ammonium hydroxide 
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(6:3: 1), to afford the pure product 61 as a yellow solid, mp 140-170 °C (decomposed), *H 
NMR (300 MHz, DMSO-rftf) 5 1 .96 (m, 2H), 2.09 (m, 2H), 3.43 (m, 2H), 4.08 (br s, 2k), 
8.00-10.00 (m/.14H). m/z (APCI) ==^ 404 (C17H22CIN9O +H)^ 

References. 

1. Rappoport, D.A.; Hassid, Z.; J. Amer. Chem. Soc, 1951, 73, 5524-5525, incorporated 
herein by reference, Ruth, J.A. and Claffey, D.J., Tetrahedron Lett. 1996, 37 (44), 
7929-7932, incorporated herein by reference. 

Sodium Channel Blocking Activity 
The compounds shown in the Table below were tested for potency in canine bronchial 
epithelia using the in vitro assay described above. Amiloride was also tested in this assay as a 
positive control. The results for the compounds of the present invention are reported as fold- 
enhancement values relative to amiloride. 

Example 41 




R= 




Fold Amiloride- 


OH 


1 


50.9 ± 19.8(3) 


OH 


2 


79.2 ±30.6 (4) 


OH 


4 


45.3 ± 27.0 (6) 


NH2 


0 


32.6 ±2.0 (3) 


NH2 


1 


26.2 ±5.1 (3) 


NH2 


: 3 


59 ± 5.5 (4) 


NH2 


4 


132.6 ± 47.2 (5) 



Example 42 




0(CH2)„-R 
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R= 




Fold Amiloride- 


OH 


2 


84.91.30.3 (6)" 


OH 


3 


105.2 + 26.6 (7) 


OH 


4 


21(1) 


NH2 


. 2 


60.1 ± 1.3 (2) 


NH2 


2 


56.5 + 0(4) 


NH2 


3 


102.6 ±49 (2) 



Example 43 




•Y 



x= 


Y= 


Fold 
Amiloiide"" 


c=o 


NH2 


73.1 ±31.5 (3) 


c=o 


NH(CH2)2-OH 


28.5 (1) 


C=NH 


NH2 


53.2 + 19.3 (2) 


NH 


H 


32.6 + 2 (3) 


NH 


COCH3 


52.3 ± 16.4 (3) 


NH 


SO2CH3 


38.5 ± 4.2 (3) 


NH 


CO2C2H5 


29.0 ± 5.8 (2) 


NH 


C(=NH)NH2 


88.0+18.0(2) 



Example 44 
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R= 


r'= 


Fold 
Amiloricic* 


OR^ 


H 


50.9 ±19.8 (3) 


NHR' 


. H 


28(1) 


NHR' 


COCH3 


16(1) 


NHR' 


SO2CH3 


50.6 ±11.9 (2) 


NHR' 


CO2C2H5 


24.1 ±0.5 (3) 


NHR' 


C02-(CH3)3 


29.0 ±4.1 (2) 


NHR 


C(=NH)NH2 


66.2±27.4(4) 



Example 45 



Example 46 




OCH2CH2X 



x= 


Fold Amiloride- 


NH2 


56.5 ± 24 (4) 


NH-C(=NH)-NH2 


120.6 ±60.8 (11) 


NHSO2CH3 


64.0 (1) 


NHC02(CH3)3 


51.7 ±10.1 (2) 


NHCOCH3 


48.5 ±26.5 (4) 




0CH2 



o 



Fold Amiloridc' 



-OH * 


14.0 + 4.6(7) 


-0(CH3)3 


*29.2 ± 10.9 (3) 


. -NH2 . 


48.2 ± 24.1 (7) . * 



Example 47 
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Fold Amiloridc* 




CH2 


OH 








yy.z ± 30.6 (4) 




CH2 


CH2 


OH 






84.9 ±_30.3 (6) 


0 


CH2 


CH2 


CH2 


OH 




105.2 + 26.6 (7) 


CH2 


CH2 


CH2 


CH2 


OH 




37.4 (1) 


0 


CH2 


CHOH 


CH2 


OH 




51.95 (50) 


0 


CH2 


CHOH 


CH2 


NH2 




57.5 ±24.5 (6) 


0 


CH2 


CH2 


CH2 


CH2 


OH 


21 (1) 


0 


CH2 


CH2 


CHOH 


CH2 


OH 


55.5 ± 19.3 (3) 


0 


CH2 


CHOH 


CHOH 


CH2 


OH 


93.7 ±42.1 (5) 


0 


CH2 


CHOH 


CHOH 


CH2 


OH 


56.1 + 15.6(4) 


N 


CH2 


CHOH 


CHOH 


CH2 


OH 


44.9 ±14.7 (8) 



Example 48 




R^=CH2(eHOH)3CH20H 

R = CH2CHOHCHOHCH2C»I 

R'=CH2CH2QCH3 



Fold 
Aniiloi icic" 


NH2 










32.6 ± 2 (3) 




R . 








44.9 ± 14.7 
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NH 










(8) 


O 


CH2 


CH2 


NH2 




84.9 + 30.3 
(6) 


o 


CH2 


CH2 


NH 


R" 


52.9 + 14.3 
(5) 


o 


CH2 


CH2 


NR 




73.2 + 49.3 
(9) 


o 


CH2 


CH2 


0 


R' 


76.1 (1) 


o 


CH2 


CH2 


Q 


CH3 


51.5 ±14.9 

(2) 


u 


K 








(5) 


o 


CH2 


CHOH 


CH2 


OH 


51.95 (79) 


o 


CH2 


CH2 


NR 




56.0 (1) 


o 


CH2 


CH2 


NR^ 


R2.a 





a Chiral 
b Racemic 
c Enantiomers 



Example 49 
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+ = (CH3)3 ; BOC = -C02(CH3)3 

Example SO 



Fold Amiloride- 


0(CH2)NHC02* 


51.7+10.1 (2) 


OCH2CO2* 


29.2 ± 10.9 (3) 


OCH2CO2ET 


20(1) 


-NHCH2C02'^ 


29.0 ±4.1 (2) 


NHCO2ET 


29.0 ±5.38 (2) 


CH2NHCO2ET 


24.1 ±0.5 (3) 


0(CH2)2NHC02ET 


17.7 ±6.0 (2) 


OCH2CHOHCH2NHC02'^ 


77.9 ±24.0 (3) 


0(CH2)3NHC02'" 


37.5 ±12.8 (4) 


(CH2)4-NHC02* 


16.9 ±2.3 (2) 




OCH2CHOH-R 



R= 


Position 


Fold Amiloride - 


H 


Ortho 


21.7 ±4.8 (2) 


H 


Meta 


41.1 ±8.5 (2) 


H 


Para 


80.3 ± 25.5 (9) 


CH2OH 


Ortho 


24.0+1.0(2) 


CH2OH 


Meta 


40(1) 


CH2OH 


Para 


51.55(79) 
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0(CH2),-R 


CH,R 


(Cll2)3R 




H 


0(CH,),-R 








R=\Z= 










- OH 












Xamiloride 




84.9 ±30.3 


105.2 ± 


50.9 ± 










26.6 


19.8 (3) 





R=\Z= 


II 


0(CH:)z- 
R 


0(Cll2),- 
R 


CH2R 


(CI 1 2)3 R 


MHz 












Xamiloride 


32.6 ± 
2 


56.5 ±0 


102.6 ±49 


26.2 + 
5.1 (3) 


54.4 + 43.5 
(6) 



R=\Z= 


II 


0(CH2),-R 


0(CII,),- 
R 


CH,R 


(CHj),R 


NH 
II 












-NHCNH2 












Xamiloride 


88.0 ± 
18.0 


98.0 ± 
58.5(18) 


50.2 ± 
17.4(4) 


35(1) 


47.6 (3) 



5 Example 52 

Effect of Compound 95 1 8 on MCC 

These experiments were conducted according to methods of Example 32 with compound 
10 9518 and the vehicle as a control The results are shown in Figures 3 (t = 0 hours) and 4 (t = 4 
hours). 

Example 53 ^ 

Effect of Compound 9714 on MCC 

15 

These experiments were conducted according to methods of Example 32 with compound 
9714 and the vehicle as a control. The results are shown in Figures 5 (t = 0 hours) and 6 (t = 
4 hours). 

20 
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Example 54 

Effect of Compound 10833 on MCC 

These experiments were conducted according to methods of Example 32 with 
compound 10833 and the vehicle as a control The results are shown in Figures 7 (t = 0 hours) 
and 8 (t = 4 hours). 

Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 
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